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CHAPTER 1: INTRODUCTION 
Concussion is defined as a “complex pathophysiological process affecting the brain, induced by 
traumatic biomechanical forces (1).”  Concussions associated with sports are typically the result of a 
direct blow or impact to the head or elsewhere on the body resulting in the rapid production of 
impaired neurologic function.  Concussions are generally regarded as transient in nature, with an 
estimated 80 – 90% of patients, recovering in 7 – 10 days (1). Although largely temporary, questions 
have emerged about the potential for long-term consequences after this neurologic injury (2). 
For the past decade, growing international attention has been devoted to understanding the 
diagnosis, treatment, and timeline of recovery for sports-related concussion (SRC).  SRC is regarded as a 
major public health concern for youth participating in contact sports (3). The number of reported SRCs 
has demonstrated a sharp rise over the past decade.  According to the Centers for Disease Control and 
Prevention (CDC), between 2009 and 2011 concussion incidence has increased by nearly 100,000 in the 
10 – 19 year old age group (4).  It is unknown whether the number of SRCs has actually increased within 
the decade or if the observed increase is an artifact of the enhanced public awareness, the enactment of 
youth sport concussion laws, efforts to recognize and treat concussion, or other factors (3, 5). Even 
considering the rise in the number of reported concussions annually, it is believed that the actual 
number of SRC may be substantially higher because many concussed individuals do not report the injury 
and do not seek medical attention (6). Published reports regarding the annual incidence of SRC among 
all age groups in the United States vary widely depending on the criteria used to establish the diagnosis.  
The most commonly cited estimate of the number of sports-related traumatic brain injuries occurring 
annually is between 1.6 to 3.8 million (6).  This estimate accounts for concussions where consciousness 
was or was not lost and those which were and were not reported.   
Concussions can occur during participation in any sport activity, but American football has the 
highest incidence of concussion by number of player exposures (with one exposure equal to one game 
or one practice).  The rate of SRC is 2.5 per 1000 athlete exposures in college football (7).  This estimate 
from the NCAA has been generally stable over the past 10 years, however, the rate in high school 
football has risen from 6.4 per 10,000 athlete exposures (in 2008- 2010) to 11.2 per 10,000 athletic  
exposures (from 2010 – 2012)(3). Concussions are also common in the sports of ice hockey, soccer 
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(European football), lacrosse, basketball and softball/baseball, but occur at a much lower  rate than 
American football (8). 
After a sports-related concussion has been sustained, returning the athlete to participation in 
contact-sports activity is dependent upon recovery (1, 9).  Although responsible concussion 
management was not always a priority associated with the timeline for return-to-play decisions, 
increased public awareness and emphasis on safe return-to-play has led to the increasing involvement 
of medical providers to manage athletes post-concussion (10-12).  A variety of medical professionals are 
now routinely called upon to assess athletes post-concussion, actively monitor these athletes 
throughout their recovery, make treatment recommendations, and determine when an athlete is safe to 
return to play (1, 3, 5).      
The medical assessment of a concussed athlete should include a battery of clinical tests that 
measure a variety of neurological domains, including mental status, cognitive function, gait, and balance 
deficits (1).  All of these domains may not be impacted by every athlete with a concussion, but each of 
these domains is potentially disturbed by the concussive event and needs to be measured to determine 
the degree of functional impairment.  Although not the sole determinant of concussion severity, 
symptomatic presentation is one of the most recognized domains used to measure how the concussion 
is affecting the athlete (1, 5).           
The most commonly reported symptoms after a concussion are headache, dizziness (9, 13), 
postural disturbances/balance problems (13), and neck pain. Dizziness is the second most common 
complaint associated with concussion (5, 10, 14) after headache, and is reported to occur in 43% to 81% 
of concussions within the first few days of injury (13, 15, 16). If dizziness is present at the time the SRC 
was sustained (on-field dizziness), the odds of a prolonged recovery (>21 days) are 6.34 (95% CI 
1.34,29.91) when compared to athletes with concussion who do not have dizziness on-field (15).  
Postural disturbance/balance problems may or may not be related to dizziness and are generally of a 
shorter time in duration (15, 17).  
Since a concussive event may be caused by a direct blow to the head, face, neck, or elsewhere 
on the body with an ‘‘impulsive’’ force transmitted to the head (1), it is plausible that a common 
sensation of dizziness is derived from different underlying mechanisms.  The sensation of dizziness can 
be caused from functional disturbances of sensory processing by the central nervous system, which is 
certainly possible after a concussion (12, 17).  Additionally, the forces experienced by an athlete 
concomitant to causing the concussion are also capable of disrupting the peripheral vestibular system as 
well as the cervical spine.  Injury to or dysfunction of any of these areas is sufficient to cause a complaint 
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of dizziness (17).  In the presence of concussion and dizziness, the challenge of identifying the underlying 
cause and establishing an appropriate diagnosis becomes complicated. 
 
SIGNIFICANCE AND STATEMENT OF GOALS 
To begin the process of differential diagnosis and to move towards optimal, effective, and 
individualized treatment for the complaint of dizziness after SRC, medical professionals must use two 
primary evaluative components: the subjective reporting of the patient; and the objective findings from 
clinical examination techniques.   
 
Structured Subjective History 
The first key step to complete during the assessment of a patient with dizziness is conducting a 
subjective, symptom history. The complaint of dizziness is highly subjective, completely non-specific to 
one particular anatomical area, and not unique to concussion. Dizziness as a descriptor can be reported 
by a patient to indicate the sensation of true vertigo (or the feeling of spinning); the sensation of 
retropulsion (being pulled in reverse) or lateropulsion (being pulled to one side); the sense that the eyes 
and the head are out of rhythm during movement; oscillopsia (a perception that known stationary 
objects are moving); the sensation of a pre-syncopal episode (passing out), and many other sensory or 
perceptual anomalies (18). Given the diversity of sensations that can converge on a patient report of “I 
feel dizzy,” it is impossible to know precisely what is being experienced without additional questioning 
to further elucidate the meaning of “dizzy.” A well-conducted subjective history can assist the clinician 
develop hypotheses about what anatomical structure or structures may be causing the dizziness, which 
can then be used to drive the objective portion of the examination.  No previous studies have attempted 
to differentiate sub-types of concussion-derived dizziness based on patient presentation through a 
structured and systematic subjective history.  
 
Identification of Objective Tests 
The second key evaluative component used to establish a differential diagnosis is the 
completion of clinically-relevant objective tests (18).  Because of the multiple potential origins of 
dizziness and the potential for multiple systems to be implicated, there is a need to identify objective 
tests and measures with high clinical utility which can be used simultaneously to identify the etiology (or 
the multiple potential etiologies) of the reported dizziness.  Here, clinical utility is defined as “the extent 
that diagnostic testing influences post-test decisions and improves health outcomes relative to the 
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current best alternative, which could be some other form of testing, or not testing at all (19).”  Objective 
physical assessment must take into account the complex nature and interaction of multiple systems 
potentially contributing to the feelings of dizziness after such events (20-23). There are an array of 
clinical tests that have been developed to objectively assess and differentiate the anatomical origins of 
dizziness (18), but their clinical utility has not been described among concussed patients. The use of 
clinical tests with established parameters of positive findings and known sensitivity and specificity can 
assist a clinician in determining where the functional disturbances lie.  To date, there is no published 
evidence of the objective tests which have high clinical utility in the differential diagnosis of dizziness 
after a SRC.   
 
Implementation of Objective Tests and Measures 
After the identification of a battery of clinical tests and measures with strong clinical utility, a 
differential objective physical examination can be developed and administered to patients with dizziness 
after a SRC.  It is postulated that the completion of the objective assessment will permit the differential 
diagnosis and identification of the anatomical origin of the patient’s dizziness.  This differentiation is 
necessary in order to deliver targeted, specific treatment interventions based on known anatomical 
correlates (18).  It is believed that there will be increased efficiency of effective patient management 
resultant from these preliminary studies, which underscores the importance of developing these 
assessment measures.  
  
The specific goals of this research are to:  
1) Determine if there are latent traits present in a structured symptom history questionnaire 
that differentiate the patient complaint of dizziness.  
2) Identify the objective tests with high clinical utility that should be included in a physical 
examination to differentiate between the different subtypes of dizziness after a SRC. 
3) Determine if the findings from the objective clinical tests can permit clinicians to 
differentiate between different subtypes of dizziness after SRC.   
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CHAPTER 2:  AIM 1 
 
 
Synopsis 
 
The primary goal of Aim 1 was to determine if subjects’ dizziness descriptors cluster in a manner 
that enables differentiation by anatomical location.  Latent Class Analysis (LCA) was used to identify 
latent traits present in a structured symptom history questionnaire including 15 descriptors and 11 
triggers of dizziness.  The separate analyses of the two components of the subjective history; the 
descriptors of dizziness and triggers of dizziness, revealed that three classes emerged for each set of 
variables.  Although three classes were identified through LCA within the descriptors, conclusions 
regarding the ability of these classes to identify a specific anatomical location were unable to be drawn.  
Similarly, the three classes of triggers were unable to be definitively linked to a specific type of dizziness.  
Established patterns of dizziness description associated with specific types of dizziness in other 
populations (i.e. subjects without a concussion) were not observed with this sample of subjects with 
SRC. The conclusion drawn from this study is that the use of the patient description of dizziness to base 
the direction of the objective examination may not be a reliable method to approach a patient with a 
SRC and dizziness.  
The manuscript that follows has been formatted according to the specifications for the journal 
Injury Epidemiology.  This manuscript was accepted on September 3, 2015 and was published as an open 
access article on September 17, 2015.  
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Abstract 
Background: Dizziness is often reported after a sports-related concussion.  Forces experienced at the 
time of the concussion can cause an injury to multiple anatomical areas, including the central nervous 
system, the vestibular system, and the cervical spine, each of which is sufficient to cause dizziness.  
Medical professionals routinely use the subjective history to develop hypotheses about what may be 
causing a patient’s dizziness. No previous studies have attempted to differentiate the source of the 
dizziness through precise patient descriptors or the triggers of dizziness.    
Methods: A structured symptom questionnaire was developed through purposive exploration of 
relevant literature for common dizziness quality descriptors and triggers.  This questionnaire was used 
to interview a sample of 86 adolescent athletes (12 – 19 years of age) with a sports-related concussion 
between August 2013 and April 2014.  Exploratory Latent Class Analysis was used to uncover latent 
constructs within the 15 dizziness descriptors and 11 dizziness triggers.  The covariates sex, Attention 
Deficit Hyperactivity Disorder, and number of days between the concussion and the assessment were 
added to the model to estimate if these variables influenced class membership probabilities.   
Results: Thirty-two (36%) of the patients interviewed did not report a complaint of dizziness but did 
affirm one or more of the other descriptors.  Three classes of dizziness based on dizziness quality 
descriptors and three classes based on dizziness triggers were identified by the analysis.  Neither the 
classes of descriptors nor the classes of triggers enabled differentiation based on anatomical etiology of 
the dizziness.   
Conclusions: Patient description of dizziness is limited in its ability to assist in differential diagnosis 
based on anatomical location for athletes with concussion.  This may be because more than one area is 
contributing to the dizziness or because concussed adolescents have difficulty describing the way that 
they feel.  In this case, solely relying on the patient to provide a description of dizziness to develop the 
formation of hypotheses and lead the direction of objective tests is inappropriate.  If the scope of the 
objective assessment is limited by the patient description of dizziness, it is likely that areas of 
dysfunction may be overlooked.    
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Background: 
Sports-related concussion (SRC) is a major public health concern for youth participating in 
contact sports. According to the Centers for Disease Control and Prevention (CDC), between 2009 and 
2011 the number of reported concussions increased by nearly 100,000 in the 10 – 19 year old age group 
(Faul et al. 2010).  The most commonly related symptoms after a concussion are headache, dizziness 
(Alsalaheen et al. 2010; Makdissi et al. 2010), postural disturbances/balance problems (Alsalaheen et al. 
2010), and neck pain. Second only to headache, dizziness is present in 43% to 81% of concussions (Lau et 
al. 2011; Duhaime et al. 2012; Alsalaheen et al. 2010).  
Since a concussion is caused by a direct blow to the head, face, neck, or elsewhere on the body 
with an ‘‘impulsive’’ force transmitted to the head (Lanza et al. 2007), it is possible that a common 
complaint of dizziness is derived from different underlying mechanisms.  In the presence of SRC, the 
sensation of dizziness could be caused from functional disturbances of sensory processing by the central 
nervous system (Guskiewicz, Register-Mihalik 2011; Lovell et al. 2006).  Additionally, the biomechanical 
forces experienced by an athlete concomitant to causing the concussion are also capable of disrupting 
the peripheral vestibular system as well as the cervical spine.  Injury to or dysfunction of any of these 
areas is sufficient to cause a complaint of dizziness (Guskiewicz, Register-Mihalik 2011).  In the presence 
of concussion and dizziness, the challenge of identifying the underlying cause and establishing an 
appropriate diagnosis becomes complicated. 
Currently, as standard practice, when performing an examination on patient with a report of 
dizziness a directed subjective history is considered as the “single most important element in reaching a 
correct diagnosis (Al Saif, Alsenany 2015).” Patient report is used to assist in determining what may be 
causing a patient’s dizziness (Herdman, Clendaniel 2014; Landel 2010).  Patient responses can then be 
used to drive the objective portion of the examination (Chan 2009; Wrisley et al. 2000).  It is believed 
that gaining insight into exact dizziness description as well as the tempo and triggers, especially in an 
outpatient setting, is useful and necessary to guide the objective assessment (Herdman, Clendaniel 
2014; Landel 2010; Chan 2009; Kristjansson, Treleaven 2009).  For medical professionals, differentiating 
the etiology dizziness at the time of the assessment is necessary in order to deliver appropriate 
treatment to the targeted area.    
Dizziness, within the general population, is generally used as a symptom descriptor for three 
main abnormal sensations; true vertigo (feeling of spinning), lightheadedness (pre-syncope), and 
disequilibrium (feeling off-balance) (Herdman, Clendaniel 2014; Landel 2013). Patients may report a 
general sense of dizziness accompanied with a wide variety of other descriptions to distinguish their 
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experience (Landel 2013; Chan 2009).  In addition, there are a variety of triggers (or provoking activities) 
that are commonly associated with dizziness, often including eye, head, or body movements or 
environment triggers (e.g., objects moving quickly within vision of the patient) (Landel 2013; Herdman, 
Clendaniel 2014).  Given the diversity of sensations and activities that can converge on a patient report 
of “I feel dizzy,” it is impossible to know precisely what is being experienced without additional 
questioning to further elucidate the meaning and triggers of “dizzy.”  
Dizziness from a central origin is often associated with descriptions of disequilibrium, motion 
sensitivity, and nausea and is often triggered by sensory processing of mismatched afferent inputs 
during movement (Herdman, Clendaniel 2014).  Peripheral vestibular dizziness is most often associated 
with a report of the sensation of spinning, disequilibrium, and nausea and may be accompanied by the 
illusion of visual motion (oscillopsia).  Triggers of vestibular dizziness most commonly include 
movements of the head (Herdman, Clendaniel 2014).  Dizziness derived from the cervical spine is 
generally regarded as a diagnosis of exclusion (Landel 2013; Wrisley et al. 2000), and is often regarded 
as non-specific dizziness (Landel 2013; Kristjansson, Treleaven 2009; Treleaven 2008).  Experts in 
cervicogenic dizziness have identified common patient descriptions for this type of dizziness that include 
imbalance or unsteadiness (disequilibrium) (Wrisley et al. 2000; Landel 2013; Al-Saif et al. 2012; 
Herdman, Clendaniel 2014), lightheadedness (Herdman, Clendaniel 2014; Landel 2013), nausea (Al-Saif 
et al. 2012), floating, spacey, feeling “off,” and difficulty with concentration or focus (Landel 2010).  It is 
also expected that these sensations will be triggered by head/ neck position (Wrisley et al. 2000; Landel 
2013).   
There are no published studies that have attempted to differentiate sub-types of concussion-
derived dizziness based on patient presentation and report of the quality descriptors or the triggers 
(activities that provoke) of dizziness.  Therefore, the purpose of this study was to test the ability of a 
structured symptom questionnaire to differentiate the patient complaint of dizziness in adolescent 
athletes with SRC.  It was hypothesized that within the dizziness descriptors and the dizziness triggers 
(separately) three distinct types of dizziness would be identified: dizziness associated with central 
nervous system disturbance, cervicogenic dizziness, and dizziness derived from peripheral vestibular 
dysfunction.   
 
Method:  
Ethics, consent and permissions 
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This was an observational study of the natural history of SRC, incorporating a structured patient 
questionnaire.  This study was approved by the Institutional Review Boards at Akron Children’s Hospital 
and Kent State University.  Participant consent (if older than 18 years of age) or parental consent and 
participant assent (if younger than 18 years of age) were obtained prior to enrollment.  The study 
population included adolescent athletes diagnosed with SRC who were seen at the Sports Medicine 
Center at Akron Children’s Hospital for an initial assessment between August 2013 and April 2014.  
There were 111 participants enrolled with a concussion, of which 86 endorsed one or more of the 
dizziness quality descriptors and were included in the analyses.   
Based on convenience, participants were invited to participate in the study if they were 
between 12 – 19 years of age. For this study, a diagnosis of SRC required that the concussion occurred 
during participation in a sport activity, which included participation in a competition or recreational 
activity, including formally organized contact school sports, participation in gym class, skiing, running, 
skateboarding and other informal recreation activities (Noble, Hesdorffer 2013).  Sport activity did not 
include participation in recreational activities on a motorized vehicle (e.g., motor vehicle accidents or all-
terrain vehicle accidents).  Student athletes with pre-morbid conditions such as Attention Deficit 
Hyperactivity Disorder (ADHD) or prior concussion history were included in this study.   
Measurement of the sensation of dizziness experienced by each participant was recorded with a 
symptom questionnaire including 15 quality descriptors of dizziness and 11 triggers of dizziness with 
dichotomous response (answered yes/no).  This instrument was developed after searching peer 
reviewed and grey literature to find the most common patient descriptors and triggers that may 
implicate different etiologies of dizziness (potentially differentiating the anatomical areas contributing 
to dizziness)  (Al-Saif et al. 2012; Lau et al. 2011; Wrisley et al. 2000; Kristjansson, Treleaven 2009; 
Herdman, Clendaniel 2014; Landel 2013).  Clinician and research experts (n = 11) were asked to 
comment on the comprehensiveness of the tool for use is differential assessment of dizziness (content 
validity).  Face validity, with both non-concussed (n = 7) and concussed athletes (n = 10) was established 
during the development of the symptom questionnaire.  
The symptom questionnaire was administered during the initial clinical visit following the 
concussion.  Trained study staff read the questions to each participant and recorded the answer for each 
question.  All questions were read exactly as printed with no additional clarification of wording or 
patient responses.  If clarification was requested or if the athlete did not know the answer, the item was 
recorded as unknown.  Data on participant characteristics including sex, birth date, the sport where the 
concussion occurred, previous concussions, and pre-morbid ADHD were also collected.   
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Statistical analysis 
An exploratory analysis was conducted to determine if a hidden structure was present within 
the dizziness quality descriptors and separately for the dizziness triggers using Latent Class Analysis 
(LCA).  LCA is a statistical method used to uncover the underlying structure (latent constructs) of the 
relatively large set of binomial variables (i.e., the items in the structured questionnaire).  With LCA, the 
probabilities of class membership as well as the probabilities of item response (conditional on class 
membership) are estimated based on maximum likelihood estimation (Lanza et al. 2007). The three key 
factors used to determine whether the LCA model is most optimal to describe the behavior of the data 
were: the primary hypothesis (i.e., that three classes would be identified by the model), the fit statistics 
obtained by each model (Akaike’s Information Criterion), and the influence relevant covariates had in 
the final model.   
After considering the fit statistics, the latent classes obtained were evaluated qualitatively for 
consistency in theme and labeled appropriately, potentially defining different subtypes of dizziness 
(based separately on the quality descriptors and the triggers).  The literature used to develop the 
questionnaire was again utilized to evaluate the classes and determine if the item response patterns 
within the classes adequately described the expected probability of dizziness quality descriptors for 
central, vestibular and cervical types of dizziness (Herdman, Clendaniel 2014; Landel 2013; Wrisley et al. 
2000; Al-Saif et al. 2012; Lau et al. 2011; Guskiewicz, Register-Mihalik 2011; Lovell et al. 2006).  This 
process was repeated for the dizziness triggers.  Finally, relevant covariates, that may have influenced 
class membership probabilities, were added to the model one at a time for univariate analysis.  All 
statistical analyses were completed using SAS, version 9.3.   
 
Results 
 Within the sample, 52 (60.5%) participants were male and ranged in age from 12.24 years to 
19.63 years with a mean of 15.07 (SD=1.58) (Table 2.1).  The participants were interviewed with the 
structured symptom questionnaire a mean of 8.8 days after the time of the initial injury (SD=10.7 and 
median = 6 days; interquartile range Q1 = 4; Q3 = 11) after the time of the initial injury, with a range of 1 
– 89 days.  Within the sample, 8 participants reported a personal history of ADHD and 27 reported at 
least 1 prior concussion.  A majority of the participants sustained their concussion during participation in 
football (n=32), basketball (n=14), and soccer (n=12).  Regarding dizziness, 54 (63%) of the participants 
affirmed the sensation of dizziness (Table 2.2).  Thirty-two participants did not report the sensation of 
dizziness but did affirm one or more of the other 14 dizziness descriptors.   
14 
 
LCA: Dizziness Quality Descriptors 
 The three class LCA with the 15 dizziness quality descriptors revealed a poorly specified model.  
Rerun as a two-class model, the AIC increased (indicating worse fit).  A visual analysis of the two- and 
the three-class models was carried out to determine if any of the items should be removed from the 
analysis to decrease the complexity of the model.  Because of low “yes” response in the items spinning, 
floating and swimming (<6% in all cases), the probabilities of item response was very low (<17%) in all 
three classes.  For this reason, these items were removed from the analysis, leaving 12 items in the final 
analysis.   
The three-class LCA with the 12 remaining items revealed better model specification, with a 
large drop in AIC.  The two-class model with the 12 items resulted in an increase in the AIC so it was 
determined that the three-class model with the 12 descriptors was the best fitting model for these data.  
Within this final model, the probabilities of class membership (for the participants in the sample) were 
24% for the first class, 51% for the second class, and 25% for the third class (Table 2.3).  With the 
addition of covariates to the final model, it was found that none of the covariates (sex, ADHD, and the 
number of days between the assessment and the date of the concussion) were significant determinants 
of class membership. 
LCA: Dizziness triggers 
A comparison was made between the three-class LCA and the two-class LCA with the 11 
dizziness triggers (Table 2.4).  Based on the fit statistics obtained, it was determined that the three-class 
model provided a better fit for these data.  Upon visual analysis of the response probabilities between 
the classes, it was determined to keep all 11 items within the final model.      
Within the final three-class model, the probabilities of class membership for the sample were 
24% for the first class, 41% for the second class, and 35% for the third class.  With the univariate 
addition of covariates, it was determined that ADHD and the number of days between the concussion 
and the date of the assessment were not significant determinants of class membership (Table 2.5).  Sex 
was a significant predictor of class membership, with males having a lower odds (OR =.24; 95% CI =.07, 
.88) of membership in the undefined triggers class. 
 
Discussion 
 The purpose of this study was to determine if it was possible to differentiate the patient 
complaint of dizziness in adolescent athletes with SRC through the use of a structured symptom 
questionnaire.  After model assessment for both analyses (descriptors and triggers), three-class models 
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were determined to have the best fit for these data.  Despite this, upon qualitative assessment, the 
classes for both the descriptors and the triggers were unable to be meaningfully labeled based on the 
anatomical derivation of the dizziness (central, peripheral vestibular, and cervical) as hypothesized.  For 
the descriptors, the classes were labeled according to the number of items with high probabilities of yes 
responses (high number of descriptors, medium number of descriptors and low number of descriptors).  
For the triggers, the classes were labeled according to the type of triggers most often associated with 
the provocation of the dizziness (visual triggers, visual and movement triggers, and undefined triggers).  
In this analysis, sex was associated with class membership, with males demonstrating significantly lower 
odds of membership in the undefined triggers class.   
 Given the results of the analysis on this sample, by themselves the classes obtained and the 
labels applied to the classes for the dizziness quality descriptors, appear offer little to no anatomical 
differentiating information.  This is potentially because there is no discernable pattern of dizziness 
within the quality descriptors or because there are more than three classes of dizziness and this study 
was not powered to identify additional classes.  It is also likely that in the presence of SRC, with differing 
severities, more than one area is contributing to the dizziness (cervicogenic and central and peripheral 
vestibular) and thusly differentiating between these types is not possible.  
Within the descriptors of dizziness, an unexpected finding was that 36% of the participants did 
not endorse the complaint of dizziness but did endorse one of the other 14 descriptors of dizziness.  It 
was thought that the prevalence of dizziness would be 100% in the sample, but this was not the case.  
Given that in a clinical setting “dizziness” is usually the starting point for differential questions 
(Newman-Toker et al. 2007), (i.e., What do you mean by “dizzy”?) it is important to note that although 
abnormal sensations associated with the perception of movement (self or environmental) were present 
in this sample, this sense was not perceived as dizziness by over one-third of the participants.  This 
finding indicates that dizziness may not be the prevailing descriptor for this abnormal sense in 
adolescents with concussion.  This needs to be considered when obtaining symptom report because 
commonly used self-report symptom scales (such as the Post-Concussion Scale and the Sports 
Concussion Assessment Tool 3) only include dizziness, but not the other descriptors of dizziness.  A true 
functional/perceptual injury may be completely missed in those athletes who do not equate their 
abnormal sense as “dizziness.” 
Another point of interest was that spinning (vertigo), which is the most often associated 
complaint with vestibular system etiologies of dizziness (Herdman, Clendaniel 2014; Newman-Toker et 
al. 2007), was only endorsed by 5 of the participants and because of lack of differentiation between 
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classes, was not included in the final model.  For the vast majority of participants in this sample (n=81 
with no report of spinning), this could indicate one of two things, the vestibular system is contributing to 
their dizziness but these athletes are not experiencing spinning or the vestibular system is not 
contributing to the dizziness.  In either case, this would be a substantial deviation from the expected 
presentation, as the vestibular system is often implicated as a primary source of patient dizziness after a 
concussion (Alsalaheen et al. 2010; Alsalaheen et al. 2013).    
 Within the dizziness triggers, two of the three classes appeared to follow an identifiable pattern 
but these patterns could not be exclusively named according to the anatomical etiology.  The visual 
trigger class included items generally associated with eye but not body movements (i.e., watching 
television, looking at a computer screen, and reading) and one item that could include visual processing 
of environmental motion and/or self-motion (i.e., moving quickly or things moving quickly around you).  
At first glance, this would appear to indicate centrally-induced dizziness. However, the second class 
(visual and movement class) included all of the visual processing items from the first class and additional 
items of self-movement (i.e., neck and body), which does not clearly point to one area but could 
potentially implicate central, vestibular and the cervical spine.  The final class, undefined triggers, has 
very low item response probabilities, between 1 and 47% for all items except moving quickly or when 
things move quickly around you (73% “yes” response).  This singular item with a relatively high report of 
causing an exacerbation does not clearly point to one location.     
These main findings indicate the classification of dizziness according to triggers does not permit 
etiologic differentiation however, the latent traits identified uncover a common provoking activity.  This 
type of structure is more clinically useful in the approach to a patient than the simple “high, medium, 
low” classification that we obtained in the analysis of the descriptors.  The clinical usefulness of the 
information provided by a careful exploration of dizziness triggers has been suggested (Newman-Toker 
et al. 2007; Al Saif, Alsenany 2015; Herdman, Clendaniel 2014; Bisdorff et al. 2009).   However, triggers 
(by themselves) are also limited in  clinical usefulness for differential diagnosis (Lawson et al. 2005).          
Our findings pointing to the limited usefulness of differential assessment according to patient 
quality description of dizziness are similar to other research that has been conducted  in emergency 
medicine (Newman-Toker et al. 2007), and in outpatient settings (Treleaven et al. 2008; Zainun et al. 
2012).  Researchers have demonstrated that dizziness quality descriptors themselves are not useful in 
differentiation and if over-relied upon, can mislead the direction of objective assessments (Newman-
Toker et al. 2007; Treleaven et al. 2008).  Although this present study was not carried out in an 
emergency department, it is possible that because of the acuity of the event in this sample (6 days was 
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the median number of time since the injury), these patients were similarly unable to describe their 
dizziness in a meaningful manner.  Additionally, it has been suggested that if this is the first time these 
types of sensations have been experienced, patients may have difficulty describing what they are 
experiencing (Newman-Toker et al. 2007).   
Another factor that may influence the usefulness of patient description of dizziness is the 
emotional sequelae of concussion.  Emotional disturbances are commonly present after concussion 
(Kontos et al. 2012).  It has been demonstrated that psychogenic factors (such as anxiety) may factor 
into the description of dizziness, complicating differential diagnosis based on symptom description 
(Stone et al. 2005).  Although there is potentially an interaction between emotional and physical 
symptoms in adolescents with SRC, the interplay between them has not been described in concussion 
literature.   
 
Limitations  
The findings from this research are based on an exploratory analysis with relatively complex 
models for both the descriptors and the triggers.  Within the final chosen model for both analyses, the 
fit statistics obtained point to a less than well-specified structure of latent traits present within the data.  
The sample of participants was based on convenience and as such, cannot be confidently generalized to 
the population of adolescents with a SRC.  Content validity was established during the development of 
the instrument, but there are many other descriptors and triggers that are less common but could have 
been included and may have offered a different result.  Empirical data does not exist in current 
literature that definitively links specific quality descriptors or triggers to any one sub-type of dizziness 
and as such, the quality descriptors and the triggers chosen within the questionnaire were the most 
commonly presented within published documents.  It is possible that individual quality descriptors or 
triggers of dizziness are associated with specific sub-types of dizziness but our findings were unable to 
confirm this.  Finally, this study was based on self-reporting, which carries the potential for over- and 
under-reporting of symptoms (Prince et al. 2008). Additionally, although face validity was established in 
the development of the questionnaire, it is possible that some of the participants did not understand 
the quality descriptors or the triggers but answered the question regardless, which would skew the data.      
 
Conclusion 
 Our results suggest that patient description of dizziness is somewhat limited in its ability to 
assist in differential diagnosis based on anatomical location for athletes with concussion.  These findings 
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may be due to the multifactorial nature of the injury (with more than one area contributing to the 
dizziness) or because of difficulty describing the way that they are feeling.  In this case, relying on the 
patient to provide a description of dizziness to develop the formation of hypotheses and lead the 
direction of objective tests is inappropriate.  In light of the findings presented here, healthcare 
professionals responsible for the medical evaluation and management of individuals with concussion 
should recognize the potential for missed functional disturbances resulting from the concussion if the 
patient report of symptoms is over-relied upon.  If the scope of the objective assessment is limited by 
the patient description of dizziness, it is likely that areas of dysfunction may be overlooked.  Therefore, 
for appropriate patient care, it is important for medical professionals to complete a comprehensive 
physical examination in order to confidently identify all areas contributing to dizziness so that directed 
and encompassing treatment may be initiated.     
We suggest that an exploration of common dizziness triggers may lead to the identification of 
common movements that provoke the symptom of dizziness (or other descriptions of abnormal sense of 
self or environmental movement).  However, because neither the descriptors nor the triggers clearly 
point to one anatomical etiology, the objective assessment should be designed to prescriptively examine 
all of the potential contributing areas, including the central nervous system, the peripheral vestibular 
system, and the cervical spine.  Additional directions of research should explore the existence of an 
association between specific descriptors or triggers and objective test findings.  Other research to 
explore the type of functional neurological disturbances through appropriate imaging techniques (e.g. 
diffuse tensor imaging) together with patient symptom description could offer additional insight into the 
correlation between anatomic injury and patient report.  It is believed that continuation of this line of 
research is imperative to inform appropriate patient management and improve health outcomes after 
concussion.   
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Table 2.1: Descriptive statistics of the sample (n=86) 
Variables Mean (SD) Range 
Age in years 15.07 (1.58)  12.24 – 19.63 
Number of days between date of concussion 
and assessment 
8.8 (10.7) 
Median = 6 
1 – 89 
 Frequency Percent 
Sex (male) 52 60% 
History of ADHD 8  9% 
Previously diagnosed with a concussion 27 31% 
Number of previously diagnosed concussions   
1 19 22% 
2 8 9% 
Sport where concussion was sustained*   
Football 32 38% 
Soccer 12 14% 
Baseball/softball 1 1% 
Hockey 1 1% 
Cheerleading 3 4% 
Basketball 14 16% 
Lacrosse 1 1% 
Volleyball 2 2% 
Wrestling 4 5% 
Swimming 2 2% 
Rugby 1 1% 
Other sport activity 12 14% 
*missing values 
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Table 2.2: Frequency of dizziness descriptor and probability of endorsement of each item given 
latent class membership  
  Probability of “yes” response given latent 
class (SE) 
Question asked of the participants: Yes, n (%) High 
Symptoms 
Medium 
Symptoms 
Low 
Symptoms 
Are you dizzy? 54 (63%) .99 (02) .63 (.08) .27 (.10) 
Do you feel like the room is spinning? 5 (6%) -- -- -- 
Do you feel like stationary objects are 
moving? 
9 (10%) .39 (.12) .00 (.00) .04 (.04) 
Do you have imbalance or 
unsteadiness when standing (like you 
might fall or are swaying)? 
43 (50%) .98 (.04) .40 (.09) .24 (.10) 
When you turn your head, does it 
seem like your eyes do not keep up?* 
25 (30%) .41 (.12) .39 (.08) .01 (.02) 
Do you feel like you are floating? 3 (3%) -- -- -- 
Do you feel spacey? 26 (30%) .39 (.12) .40 (.08) .01 (.04) 
Do you feel like something is just 
“off”? 
64 (74%) .92 (.07) .91 (.05) .24 (.10) 
Do you have a “fuzzy head”? 37 (43%) .83 (.09) .42 (.08) .06 (.06) 
Do you feel lightheaded (like you 
might pass out)? 
26 (30%) .68 (.13) .25 (.07) .05 (.06) 
Do you have difficulty concentrating 
or focusing? 
67 (78%) .96 (.05) .80 (.07) .56 (.11) 
Do you have a “swimming” sensation 
in your head?* 
5 (6%) -- -- -- 
Do you have motion sickness? 18 (21%) .47 (.12) .14 (.06) .10 (.07) 
Do you feel nauseous (like you might 
throw-up)? 
22 (26%) .71 (.13) .16 (.06) .00 (.01) 
Is the way you feel difficult to 
describe? 
67 (78%) .94 (.05) .88 (.05) .42 (.12) 
Three items were removed from the final model because the item response probabilities were not distinguishable between 
classes (i.e. the differences in item response probability between classes was less than 15%).  *missing values.   
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Table 2.4: Comparison of baseline models for dizziness 
quality descriptors and triggers 
Quality descriptors 
Number of classes Number of items AIC 
3 15 497.4 
3 12 393.7 
2 15 501.9 
2 12 400.9 
Triggers 
3 11 309.6 
2 11 338.0 
Bold indicates the chosen model.  AIC – Akaike’s Information 
Criterion 
 
 
 
 
 
 
Table 2.3: Frequency of dizziness trigger and probability of endorsement of each item given latent 
class membership 
  Probability of “yes” response given latent 
class (SE) 
Question asked of the participants: Yes, n (%) Visual 
Triggers 
Visual and 
Movement 
Triggers 
Undefined 
Triggers 
Sitting still with no movement 11 (13%) .04 (.05) .12 (.06) .20 (.08) 
Looking at a computer 53 (65%) .94 (.06) .99 (.02) .02 (.05) 
Watching television 43 (51%) .85 (.09) .74 (.08) .01 (.02) 
Reading 50 (63%) .54 (.12) .92 (.06) .35 (.09) 
With your eyes closed 13 (15%) .00 (.01) .31 (.08) .07 (.05) 
Looking up towards the sky 23 (28%) .05 (.06) .54 (.09) .14 (.07) 
Bending down towards the floor 34 (40%) .01 (.02) .76 (.09) .28 (.08) 
Turn your head left and right 21 (25%) .06 (.06) .45 (.09) .17 (.07) 
Roll over in bed 47 (55%) .21 (.12) .84 (.06) .46 (.09) 
Ride in a car 30 (35%) .19 (.09) .52 (.09) .25 (.08) 
When you move quickly or when 
things move quickly around you 
70 (82%) .77 (.10) .91 (.05) .76 (.08) 
*missing values.   
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Table 2.5: Baseline model membership probability and odds ratios for class membership based on 
relevant covariates 
Baseline model class membership 
probabilities for dizziness quality descriptors 
 
 
Class Name 
 24% 
High Symptoms 
51% 
Medium 
Symptoms 
25% 
Low symptoms 
Adjusted model ORs of class membership    
Male Reference 1.2 (.26, 5.3) 2.4 (.63, 9.5) 
ADHD  Reference .64 (.04, 9.65) 4.7 (.57, 39.3) 
Number of days to assessment Reference 1.02 (.95, 1.10) 1.05 (.98, 1.13) 
Baseline model class membership 
probabilities for dizziness triggers 
 
 
Class name 
 24% 
Visual 
41% 
Visual and 
movement 
35% 
Other triggers 
Adjusted model ORs of class membership    
Male Reference 2.0 (.51, 8.4) .24 (.07, .88) 
ADHD  Reference 1.89 (.33, 10.7) .31 (.02, 3.46) 
Number of days to assessment Reference .98 (.94, 1.03) 1.00 (.96, 1.04) 
Bold indicates significant findings 
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CHAPTER 3: AIM 2 
 
 
Synopsis 
 
The primary goal of Aim 2 was to utilize research and clinical expertise of an invited respondent 
group to identify objective tests with high clinical utility that should be included in a physical 
examination to differentiate between the different subtypes of dizziness after a SRC.  Specifically, the 
question posed to the group was: What clinical tests and measures could be included in an assessment 
to differentiate between cervicogenic and other causes of dizziness in concussed athletes?  Through a 
three round process, including 25 experts from various medical disciplines, 10 tests were identified to 
have strong clinical utility and 7 were identified as having weak clinical utility.  The clinical tests included 
in the final list of measures with strong clinical utility were tests to identify vestibular and ocular 
impairments leading to dizziness.  Unfortunately, none of the clinical tests used to identify cervical 
dizziness were regarded as having strong clinical utility.  Even though a majority of the respondents 
were physical therapists, those therapists who were not orthopaedic / manual therapists did not 
indicate strong clinical utility for any of the cervically-oriented tests.  It was concluded that many 
medical professionals are unfamiliar with tests of the cervical spine and the diagnosis of cervicogenic 
dizziness. The results of this study highlight the current absence of well-defined, universally understood 
clinical tests to diagnose cervicogenic dizziness in the presence of concussion.    
The manuscript that follows has been formatted according to the specifications for the Journal 
of Science and Medicine in Sport.  It was accepted on May 2, 2014 and published (in-print) July 2015.
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Abstract 
 
Objective: Dizziness after a sports-related concussion is very common and is associated with prolonged 
recovery.  The events in sports that cause concussion include strong mechanical forces exerted to the 
head and neck, potentially injuring the cervical region, the peripheral vestibular and central nervous 
system, all of which can contribute to a sensation of dizziness.  The purpose of this study was to identify 
proper clinically administered tests and measures that are useful in differentiating between cervicogenic 
and other causes of dizziness after a sports-related concussion.  
Design: The Delphi Method  
Methods:  The workgroup identified the initial list of suggested clinical tests and the initial list of content 
experts on dizziness and/or concussion through a search of peer-reviewed and grey literature.  The 
respondent group included all invited experts who opted to participate.  A sequential three-round 
process was used for elicitation of consensus opinions from the targeted content experts.     
Results: The respondent group included 25 members from several medical disciplines who were experts 
in concussion and dizziness.  At the conclusion of the study, ten clinical tests achieved the designation of 
strong clinical utility, six were determined to have weak clinical utility and seven achieved no consensus 
among the experts.     
Conclusion: The majority of clinical tests identified as having strong clinical utility are tests used to 
identify dizziness originating from the vestibular or central nervous system.  No clinical tests specific for 
the cervical region achieved consensus.  Expert opinion from different medical professions and even 
within professions was widely divergent regarding the utility of clinical tests to assess cervical 
dysfunction.     
Keywords: Sports-related concussion 
Cervical Dizziness  
Differential Diagnosis 
Delphi method  
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Introduction 
 
     A concussion is a brain injury, induced through traumatic biomechanical forces, which, in a majority 
of cases typically resolves in 7 – 10 days.1,2 The most common causal event associated with a concussion 
is being struck or kicked during sports.3 Dizziness is the second most regularly reported compliant 
associated with concussion,2,4 behind headache, and is stated to occur in 23% to 81% of diagnosed 
cases.5  If present at the time of the concussion, the odds of a prolonged recovery are 6.34 when 
compared to athletes with concussion who do not have dizziness on-field.6  Although concussion is 
largely transient, 10 – 20% of cases do not follow the typical timeline for recovery, and experience 
prolonged symptoms.1    
     Dizziness is also a complaint in patients with whiplash injury, affecting 20-58% of individuals with 
flexion-extension injuries.7  A debated origin of dizziness is cervicogenic dizziness (CD),8 which is thought 
to be caused by dysfunction in the upper cervical spine.9  When neck pain and dizziness appear 
simultaneously, it is difficult to ascertain if there is a causal relationship between the two symptoms, 
specifically since the most common causes of dizziness are from vestibulocochlear and central nervous 
system disorders.10 A complaint of neck pain after a sports-related concussion is not surprising since the 
concussive event may be caused by a direct blow to the head, face, neck, or elsewhere on the body with 
an ‘‘impulsive’’ force transmitted to the head.1  In the presence of concussion and dizziness, the 
challenge of an appropriate diagnosis becomes complicated.  
      There is potential for flexion-extension, rotational, or compression types of cervical injury concurrent 
to the event causing a concussion.11,12 With the knowledge that the cervical spine can contribute to the 
sensation of dizziness,7,8 and with dizziness being so strongly associated with prolonged recovery,6 it is of 
great importance for clinicians to have an assessment that can determine the presence of cervical 
dysfunction and its contribution to the vague complaint of dizziness so that specifically targeted 
treatments can be delivered to alleviate this distressing sensation.  At present, there are no studies that 
have explored the most appropriate diagnostic techniques for dizziness of neck origin in subjects 
diagnosed with concussion. In the absence of evidence to drive decision making, expert opinion is the 
most frequently warranted decision making driver and a Delphi survey is designed to distill and obtain 
the most reliable consensus from a group of experts.13 Consequently, the purpose of this study was to 
use a Delphi approach to identify clinically administered tests and measures that are useful in the 
differentiating between cervicogenic and other causes of dizziness after a sports-related concussion.   
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Methods 
 
     This study used the Delphi method for elicitation of consensus opinions from the targeted content 
experts.14 The Delphi incorporated both a workgroup and a participant (respondent) group of content 
experts to answer the question: What clinical tests and measures could be included in an assessment to 
differentiate between cervicogenic and other causes of dizziness in concussed athletes? The research 
protocol was approved by the lead author’s university Ethics Committee.  Informed consent was 
obtained from each respondent prior to participation.  
    Experts on the topics of concussion and dizziness were systematically identified to be members of the 
respondent group through two strategies, with the goal of establishing an initial list of 100 potential 
participants.  First, computerized searches of PubMed using combinations of MESH terms associated 
with dizziness, concussion, and diagnosis of cervicogenic-oriented conditions were completed.  Relevant 
manuscripts were identified through a review of the title of the article and the abstract by study 
personnel. All first and last authors of relevant studies were selected for the study population, beginning 
with the most recent publications. Second, experts were identified by searching through Google for grey 
literature, which included recent national and international conference proceedings, textbooks, and 
other non-peer-reviewed nationally or internationally published material.  These groups were targeted 
because of their recognized clinical and/or research expertise in the area of assessment and treatment 
of dizziness and concussion. 
     The workgroup consisted of three individuals who identified the initial list of clinical tests potentially 
useful in the differential diagnosis of dizziness after concussion and who were the authors of this 
manuscript. The primary investigator (JR) was a board certified neurologic clinical specialist with 
doctoral training in epidemiology; one investigator (CM) had advanced vestibular certification and 
training in spinal manipulative therapy and the final investigator (CC) was a fellow in the American 
Academy of Orthopedic and Manual Physical Therapists with research expertise in both qualitative, 
quantitative, and mixed methods including the Delphi method.    
     This Delphi consisted of an initial preparatory phase by the workgroup and three rounds of electronic 
questionnaires that the respondents completed consecutively.  
    During the preparatory phase, prior to the initiation of Round I, the workgroup selected 21 tests that 
were specific and non-specifically associated with vestibular-, cervical-, postural-, and concussion-
associated examination. These preliminary tests were selected through a search of the literature, 
textbooks, and from the investigators clinical practice expertise.   
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     An individual introductory e-mail was sent to the list of identified experts from the primary 
investigator’s e-mail to inform them of their identification as an expert and to alert them that they 
would receive an e-mail link for Round I in two weeks.  Two weeks later, the invitation for participation 
with the link to the informed consent and the Round I survey was sent electronically to all experts who 
did not decline participation after the introductory e-mail. This initial link was active for 21 days.  Three 
follow up e-mails were sent to all non-responders every 5 days after the initial e-mail was sent.  
Throughout the three-round process, all participants remained blinded to the identity of the other 
participants in the Delphi respondent group.   
     For Round I, respondents were asked to provide qualitative comments about the usefulness of each 
the 21 preliminary tests. They were instructed that these comments could include appropriate 
administration of tests according to time or severity parameters after concussion, modification of the 
test description, expansion of the indication of a positive finding, or suggestions for additional 
appropriate tests and measures. The Round I survey also included basic demographic questions, an 
overview of the Delphi method, the roles and definition of the workgroup and respondent groups, and 
asked participants to indicate if they would permit acknowledgement as members of the respondent 
group in resultant deliverables.   
     After the information was recorded by the electronic survey tool, the workgroup summarized the 
qualitative comments returned from Round I and redesigned the list of clinical tests included in Round II 
and, eventually Round III.  To do this, the individual members of the workgroup independently reviewed 
all of the comments provided by the Delphi participants prior to convening for discussion.  The 
requirements for modification were twofold: 1) identification of three or more comments from the 
participants that indicated a common theme, 2) consensus among the workgroup that there was a trend 
in the responses that needed to be addressed.  If these 2 criteria were met, then a modification was 
made. Through this process, the workgroup exhausted all commonalities in the respondents’ 
suggestions in order to re-populate a new set of tests and measures.  
     Invitations for Round II and Round III were automatically distributed via e-mail to all participants from 
Round I.  Round II and Round III were open for response for 14 days and e-mail reminders were sent 
every three days to non-respondents. Round II included the revised list of clinical tests (based on the 
responses from Round I).  For Round II, the following patient situation was provided to contextualize the 
respondents’ thought process. Patient: An athlete with a concussion who has a complaint of dizziness.  
Scenario: All appropriate imaging and tests have been done to rule out high risk injuries, including but 
not limited to, the presence of a skull fracture, cervical fracture, or cervical ligamentous instability.  
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These have been completed to ensure safety as you proceed with a clinical assessment.  You have 
already completed a robust patient history and subjective interview to guide the physical examination.    
     In Round II, the respondents were asked to score the diagnostic clinical utility of each test defined as 
“the extent that diagnostic testing influences post-test decisions and improves health outcomes relative 
to the current best alternative, which could be some other form of testing, or not testing at all.”15 A four 
point Likert scale: “very strong clinical utility”, “strong utility”, weak utility”, or “very weak utility” was 
used to quantify scores.  An optional comment box was again provided after each test for additional 
comments as needed.   
     The questionnaire used for Round III consisted of the same tests used in Round II. The list of items for 
Round III was not modified other than minor syntax corrections.  In addition, bar graphs with the 
percentages for each of the four possible Likert scale responses were provided for each clinical test, 
along with qualitative comments provided by the respondents in Round II.  Respondents were asked to 
review the feedback from Round II and to re-score each clinical test using the same four point Likert 
scale used in Round II.  For Round III, the clinical scenario and definition for diagnostic clinical utility 
provided in Round II was again provided to the respondents.  
     After Round III was completed by the respondents, the data was downloaded from the electronic 
survey tool for analysis by the workgroup.  For each clinical test, the tally of scores for “very strong 
utility” and “strong utility” were combined into one score representing the total number of respondents 
who affirmed Strong Clinical Utility (SCU) as a test that could be included in an assessment to 
differentiate between cervicogenic and other causes of dizziness in concussed athletes.  The tally of 
scores for “very weak utility” and “weak utility” were combined into one score representing the total 
number of respondents indicating Weak Clinical Utility (WCU) thereby, not recommending the test to be 
included in an assessment to differentiate between cervicogenic and other causes of dizziness in 
concussed athletes.  The a priori requirement for 70% of the respondent group was necessary for the 
designation of “Consensus, Strong Clinical Utility” (CSCU) or “Consensus, Weak Clinical Utility” (CWCU).16 
Any tests not attaining 70% consensus (strong or weak) were given the designation of “No Consensus” 
(NC).  In addition, the change in scores between Round II and III were calculated for each clinical test.   
 
Results 
 
     The workgroup identified 97 experts through the search strategies used.  Out of the 97 experts, 30 e-
mail addresses could not be located, leaving 67 potential respondents.  After the individual e-mails were 
sent, 9 were undeliverable and 7 declined outright, leaving 51 potential experts to be included in the 
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respondent group, 25 of which completed Round I (49%).  The respondent group included experts from 
the United States (n=17) and one from each of the following countries: Australia, Canada, France, Israel, 
Norway, Sweden, Switzerland, and the United Kingdom.  Additional characteristics describing the 
respondent group can be seen in Table 3.1.  Twenty-four of the 25 respondents consented to be 
acknowledged for their participation in this study.   
     After Round I was completed, the workgroup omitted 2 and added 4 tests based on trends within the 
comments from the respondent group.  The assessment of cervical range of motion and the Cervical 
Artery Dysfunction Test were omitted while the test for convergence, a cervical vibration test, static and 
dynamic balance tests, and the Head-Neck Differentiation Test were added to the list.  The resulting 23 
tests were included in Rounds II and III.  In addition, in order to maintain the focus on clinical tests 
(excluding laboratory tests), language was added to relevant tests stating “as a clinical test, no special 
equipment or instrumentation is used to increase the sensitivity of this test.”  For appropriate tests this 
sentence was added “as a clinical test, this test may be done with the patient wearing goggles to 
enhance the view of the eyes and prevent fixation” (see Table 3.3: Appendix A for the compendium of 
clinical tests from Round II and III).   
     Rounds II and III: All 25 respondents from Round I completed these Rounds II and III for a 100% 
overall retention rate.  For Round II, out of the 23 clinical tests, 14 had a response rate of 100%, while 5 
had a response rate of 96%, 2 had a response rate of 92%, and 2 had a response rate of 88%.  For Round 
III, out of the 23 clinical tests, 15 had a response rate of 100%, while 6 had a response rate of 96%, and 2 
had a response rate of 92%.  
     The differences in responses between Round II and III are presented in Table 3.2.  Two of the clinical 
tests had an overall change in response distribution towards strong clinical utility while 19 had an overall 
change in response distribution towards weak clinical utility and two tests were unchanged in 
distribution.  These alterations in scoring did not move any clinical test into the CSCU category, but did 
change one test from CSCU to NC.  The revised tally between Rounds II and III changed the designation 
of 6 tests from NC to CWCU.  Although there were changes in the tally of responses for the other 14 
tests between Rounds II and III, these changes did not alter the final designation of these tests.    
     Table 3.3 presents the results from Round III.  Ten of the clinical tests met the 70% criteria of CSCU to 
be included in the final list of recommended tests for the differential diagnosis of dizziness after 
concussion.  Six of the clinical tests met the 70% criteria of CWCU with exclusion in the final list. The final 
seven tests did not attain consensus for either inclusion or exclusion.  
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Discussion 
 
     The primary aim of this Delphi was to identify experts on concussion and dizziness and utilize their 
experience and expertise to identify clinically administered tests that are useful in differentiating 
between cervicogenic and other causes of dizziness after a sports-related concussion.  Our searches 
revealed 97 potential experts, which ultimately resulted in 25 qualified members in the respondent 
group who contributed to the results.  Our findings demonstrate that all of the clinical tests meeting the 
criteria for a 70% consensus of high clinical utility are tests traditionally used to identify conditions or 
dysfunction in areas other than the cervical region, including the central nervous or vestibular system.  
Of the nine clinical tests, traditionally regarded to identify cervical spine dysfunction as the cause of 
dizziness none attained the consensus designation of SCU while five attained the consensus designation 
of WCU.          
     One interesting finding was the lack of consensus for neck pain and concomitant onset of dizziness, 
with 64% of the sample scoring this with WCU.  This was a majority designation by all professions 
included in our sample and one that conflicts with current literature on CD. Wrisley et al.,7 state; “by 
definition, a diagnosis of cervicogenic dizziness is excluded in a patient without neck pain.” Further, the 
finding of zygopophyseal tenderness in patients with CD has been demonstrated in the literature,7,17 and 
neck pain has been used as inclusion criteria in two recent RCTs on CD.9,18  Nonetheless, each example 
within the literature did not involve concussion as a concomitant diagnosis. It is possible that patients 
with a cervical injury in the absence of concussion present differently than patients with a sports-related 
concussion and our experts have recognized this divergence in practice.     
     A second notable finding was the lack of agreement among different professions on the value of 
manual and proprioceptive assessment of the cervical spine. The tests; 1) passive joint mobilization, 2) 
palpation of the cervical musculature, and 3) joint position error testing, were selected as providing high 
utility for diagnosis of CD by over 62%, 53%, and 47% of physical therapist experts in this Delphi study; 
however, none of these three were selected by a single neuro-otologist (0%). Because of the dichotomy 
in selection, these three variables, which are commonly used and are advocated within the literature on 
CD, did not meet our a priori consensus of 70%. Of particular interest is accessory joint testing and 
palpation of the cervical musculature, which have been recommended in previous review-based 
publications for use when assessing whether dizziness occurs during passive movements to the upper 
cervical spine.7,8,19  Additionally, it has been suggested that dysfunction to the deep muscular 
proprioceptors in the upper cervical spine can lead to abnormal input to the vestibular nuclei, and 
subsequent dizziness.7,20  Neck proprioception has also been studied previously in subjects with CD as 
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individuals with whiplash-associated dizziness and/or unsteadiness were shown to have significantly 
greater joint position errors and higher neck pain than control subjects.21  
     There are a number of possible reasons for the split assumptions of utility among the different 
professions. It is likely that neuro-otologists do not routinely use these assessment mechanisms and may 
be unaware of these tools. It is also possible that since the majority of published information is 
associated in physiotherapy-based journals, that the neuro-otologists are not familiar with this 
literature. Lack of familiarity and the higher level of skill required for assessment may also be a reason 
why selected findings did not meet consensus among the physiotherapist experts within the study. 
When examined, static and dynamic testing, manual passive mobility testing, palpation of the cervical 
musculature, and joint position error testing did not meet consensus among physiotherapists.  
     Another interesting finding is that the overwhelming majority of clinical tests had an overall decrease 
in the number of respondents scoring as “Strong Clinical Utility” to an overall increase in the number of 
respondents scoring as “Weak Clinical Utility” during Round III.  Although we expected a change in 
scoring once the respondents had the opportunity to view the results from Round II, we did not expect 
the trend towards WCU to predominate.  One possible explanation of this finding is the lack of 
compelling evidence and diagnostic criteria to confidently support the diagnosis of cervicogenic 
dizziness as a stand-alone entity even in patients with known cervical trauma.  The complex interaction 
between cervical dysfunction, alteration of proprioceptive input, and the mismatch with vestibular 
afferent information after traumatically induced cervical injuries have been described in subjects with 
whiplash-associated disorder.22-24  The degree to which this interaction is present in individuals who 
have potentially experienced a traumatic event to their cervical spine concurrent to sustaining a 
concussion is likely confounded and may be variable across patients with dizziness.  During assessment, 
clinicians must take into account this complex nature and interaction of multiple systems potentially 
contributing to the feelings of dizziness after such events.23-25 Previous studies have emphasized the use 
of therapeutic techniques to address multiple potential origins of dizziness (without attempting to 
differentiate).20,26  This approach to patient management is understandable given the lack of evidence to 
support a differential approach to treatment.  Recently, this non-differential approach to treatment of 
dizziness has been demonstrated after sports-related concussion.27,28  Preliminary evidence suggests 
that a treatment approach of vestibular rehabilitation, manual therapy, and spinal stabilization exercises 
is beneficial in athletes with concussions.27,28 
Limitations: The Delphi participants contributing to this study represented a sample of experts on this 
topic who were willing to participate, which may not be reflective of the population of experts on 
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concussion and dizziness. In addition, the respondent group consisted of representatives from four 
professions, with the majority of respondents being physiotherapists.  Although this diversity was also 
seen as a strength; differences between the medical professions became apparent as the Delphi 
progressed, making consensus within the group less likely than if the group had been homogenous.     
 
Conclusion 
     The results of this study highlight the current absence of well-defined, universally understood clinical 
tests to diagnose CD in the presence of concussion. Given the mechanism of injury associated with a 
sports-related concussion, and likely involvement of the cervical spine, it is imperative that differential 
assessment tools for cervical dysfunction are clearly understood by medical professionals from multiple 
disciplines who deliver and manage patient care.       
 
 
Practical Implications: 
 
 Ten clinical tests attained the consensus designation by the Delphi respondent group as having 
Strong Clinical Utility in the differential diagnosis of dizziness after concussion.  These may be 
useful in differentiating the etiology of dizziness in patients with a concussion.   
 None of the clinical tests commonly used to assess cervical spine dysfunction were identified as 
having Strong Clinical utility by the respondent group, and five met the consensus definition of 
Weak Clinical Utility 
 Within the respondent group, there was substantial disagreement regarding clinical utility 
between the different medical specialties and even within the experts in the same medical 
specialty.   
 The discrepancy between medical professionals in the value of clinical tests routinely used to 
assess the cervical spine highlights the need for cross-discipline treatment planning regarding 
the management of patients with dizziness after concussion. 
 Until research with high methodological quality is completed to demonstrate the effectiveness 
of differential assessment methods for the cervical spine, it is likely that treatment for patients 
with dizziness after concussion will be targeted to multiple systems in the absence of 
differentiation. 
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Table 3.1: Descriptive Characteristics of the Delphi  Respondent Group 
 Number Percentage 
Faculty Member  (yes) 21 84% 
Clinical and/or research Doctorate (yes) 23 92% 
Medical Specialty Title   
Physical Therapist 17 68% 
Neurologist/ Neuro-Otologist 6 24% 
Physical Medicine and Rehab Physician 1 4% 
Chiropractor 1 4% 
Treat patients with concussion (yes) 15 60% 
Treat patients with dizziness (yes) 25 100% 
Years of Clinical Practice   
5-10 5 20% 
11-15 3 12% 
16-20 0 0% 
21-25 7 28% 
26-30 4 16% 
31+ 6 24% 
Publications on Concussion (yes) 19 76% 
Publications on Dizziness (yes) 24 96% 
Total Publications   
1-10 5 20% 
11-20 3 12% 
21-30 4 16% 
31-40 4 16% 
41-50 1 4% 
51+ 7 28% 
Percentages may not add to 100% because of rounding, non-response and/or because more than one answer was 
possible for each respondent.  MD = Doctor of Medicine; DPT = Doctor of Physiotherapy; DC = Doctor of 
Chiropractic; PT = Physiotherapy  
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Table 3.2: Change in Responses Between Round II and Round III  
 
Clinical Test Name  
Strong 
Clinical 
Utility in 
Round II, 
n(%) 
Strong 
Clinical 
Utility in 
Round III, 
n(%) 
Change from 
Round II to 
Round III, 
n(%) 
Dix-Hallpike Test  25 (100%) 24 (96%) [1 (4%)] 
Orthostatic Hypotension Testing  18 (72%) 24 (96%) 6 (24%) 
Spontaneous Nystagmus 23 (92%) 24 (96%) 1 (4%) 
Head Impulse Test  25 (100%) 23 (92%) [2 (8%)] 
Roll Test 23 (92%) 23 (92%) 0 
Gaze-Hold Nystagmus 24 (96%) 21 (84%) [3 (12%)] 
Saccade Testing 21 (84%) 21 (84%) 0 
Vestibulo-Ocular Reflex Cancellation 20 (80%) 19 (76%) [1 (4%)] 
Head Shake Test  19 (76%) 18 (72%) [1 (4%)] 
Smooth pursuit testing  22 (88%) 18 (72%) [4 (16%)] 
Static and dynamic balance tests  17 (68%) 15 (60%) [2 (8%)] 
Convergence27  14 (56%) 12 (48%) [2 (8%)] 
Dynamic Visual Acuity Test 18 (72%) 12 (48%) [6 (24%)] 
Reproduction of dizziness through manual passive 
joint mobility  
13 (52%) 12 (48%) [1 (4%)] 
Joint Position Error Test 12 (48%) 9 (36%) [3 (12%)] 
Neck pain and Related Dizziness 11 (44%) 9 (36%) [2 (8%)] 
Reproduction of dizziness through palpation of the 
cervical musculature  
12 (48%) 9 (36%) [3 (12%)] 
Cervical Flexion-Rotation Test  11 (44%) 6 (24%) [5 (20%)] 
Smooth Pursuit Neck Torsion Test  11 (44%) 6 (24%) 
Vibration Test I  10 (40%) 6 (24%) [4 (16%)] 
Head-Neck Differentiation Test 10 (40%) 5 (20%) [5 (20%)] 
Motor control assessment of deep cervical flexors and 
extensors  
9 (36%) 3 (12%) [6 (24%)] 
Vibration Test II 8 (32%) 2 (8%) [6 (24%)] 
Overall tally changes in the negative direction, (e.g. from Strong Clinical Utility to Weak Clinical Utility) 
are indicated with [n(%)]  
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Table 3.3: Results of the Clinical Tests from Round III  
 
Clinical Test Name 
Strong 
Clinical 
Utility 
n(%) 
Weak Clinical 
Utility 
n(%) 
Consensus 
for Inclusion 
or Exclusion 
Dix-Hallpike Test  24 (96%) 1 (4%) CSCU 
Orthostatic Hypotension Testing 24 (96%) 1 (4%) CSCU 
Spontaneous Nystagmus 24 (96%) 1 (4%) CSCU 
Head Impulse Test  23 (92%) 2 (8%) CSCU 
Roll Test 23 (92%) 2 (8%) CSCU 
Gaze-Hold Nystagmus 21 (84%) 4 (16%) CSCU 
Saccade Testing  21 (84%) 4 (16%) CSCU 
Vestibulo-Ocular Reflex Cancellation  19 (76%) 6 (24%) CSCU 
Head Shake Test  18 (72%) 7 (28%) CSCU 
Smooth pursuit testing  18 (72%) 7 (28%) CSCU 
Static and dynamic balance tests  15 (60%) 10 (40%) NC 
Convergence  12 (48%) 13 (52%) NC 
Dynamic Visual Acuity Test*  12 (48%) 12 (48%) NC 
Reproduction of dizziness through manual passive 
joint mobility* 
12 (48%) 11 (44%) 
NC 
Joint Position Error Test* 9 (36%) 15 (60%) NC 
Neck pain and Related Dizziness 9 (36%) 16 (64%) NC 
Reproduction of dizziness through palpation of 
cervical musculature*  
9 (36%) 15 (60%) 
NC 
Cervical Flexion-Rotation Test*  6 (24%) 18 (72%) CWCU 
Smooth Pursuit Neck Torsion Test 6 (24%) 19 (76%) CWCU 
Vibration Test I*  6 (24%) 18 (72%) CWCU 
Head-Neck Differentiation Test  5 (20%) 20 (80%) CWCU 
Motor control assessment of deep cervical flexors 
and extensors*  
3 (12%) 20 (80%) 
CWCU 
Vibration Test II*  2 (8%) 22 (88%) CWCU 
*Numbers do not add up to 25 or 100% because of non-response.  CSCU – Consensus Strong Clinical 
Utility; NCSCU = Near Consensus Strong Clinical Utility; NC = No consensus; NCWCU = Near Consensus 
Weak Clinical Utility; CWCU = Consensus Weak Clinical Utility 
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Table 3.4: List of Clinical Tests and Description Provided to Delphi Participants 
Orthostatic Hypotension Testing – Blood pressure readings are recorded in the positions of supine, sit, and 
stand.  
Indications of a Positive Finding: A drop in the systolic pressure of greater than 20 mm Hg or a drop of diastolic 
pressure of 10 mmHg within 3 minutes of standing (after 5 minutes of supine lying)  
Used to rule in/out: Inability of the cardiovascular system to adapt to positional changes 
Spontaneous Nystagmus –The patient is asked to look straight forward and the examiner watches for 
nystagmus. As a clinical test, this test maybe done with the patient wearing goggles to enhance the view of the 
eyes and prevent fixation. Indications of a Positive Test: Positive finding is the presence of nystagmus at rest 
Used to rule in/out: Central nervous system dysfunction or peripheral vestibular disorder 
(depending on the behavior of the nystagmus) 
Gaze-Hold Nystagmus – The patient can be positioned in standing, sitting, or supine.  With the head in neutral, 
the patient is asked to hold gaze laterally left and then right.  The eyes should only move 20 – 30 degrees 
laterally from midline in each direction to avoid the production of end range physiologic nystagmus.  As a 
clinical test, this test may be done with the patient wearing goggles to enhance the view of the eyes and 
prevent fixation.   
Indications of a Positive Test: Positive finding is the presence of nystagmus in either gaze hold position 
Used to rule in/out: Central nervous system dysfunction or peripheral vestibular disorder (depending on the 
behavior of nystagmus observed – changing directions or one direction)   
Convergence – The patient is asked to follow a moving object with both eyes as the object moves towards the 
bridge of their nose. 
Indications of a Positive Test: Inability of the eyes to converge; patient report of double vision; inability to 
maintain focus beyond 4-6” from the bridge of the nose.  
Used to rule in/out: Central nervous system dysfunction 
Saccade Testing – Patient is asked to quickly look from one target to another (within 30 degrees of midline) 
without moving the head. 
Indications of a Positive Test: Positive testing would include overshooting, or requiring greater than two 
saccadic corrections.  
Used to rule in/out: Central nervous system dysfunction 
Smooth pursuit testing – Patient is asked to follow an object with their eyes moving in all four eye quadrants 
within 30 degrees of midline while keeping the head still.  
Used to rule in/out: Positive findings would be the inability to following the object steadily without saccadic eye 
movements. 
Used to rule in/out: Central nervous system dysfunction 
Head Impulse Test – With the patient in sitting and the patient’s head in 20 – 30 degrees of flexion, the 
examiner holds the patient’s head bilaterally and unexpectedly and quickly rotates the head approximately 20 
degrees to the left or the right while instructing the patient to keep their eyes fixed on the examiner’s nose.   
Indications of a Positive Test: Positive test if the patient is unable to keep their eyes fixed on the examiner's 
nose with rotation to the left or the right. 
Used to rule in/out: Peripheral vestibular disorder 
Head Shake Test – The examiner holds the patient’s head bilaterally. With the patient’s eyes closed, the 
examiner rotates the patient’s head back and forth twenty times (at a rate of 2 Hz) and then instructs the 
patient to open their eyes.  As a clinical test, this test may be done with the patient wearing goggles to enhance 
the view of the eyes and prevent fixation.  
Indications of a Positive Finding: The detection of nystagmus  
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Used to rule in/out: Peripheral vestibular disorder or central nervous system dysfunction (depending on the 
behavior of the nystagmus) 
Dix-Hallpike Test –The patient is positioned in long sitting on a plinth table with the eyes open. The patient’s 
head is rotated approximately 45 degrees and the clinician helps the patient lie down quickly and extend the 
head approximately 20 degrees.  This position should be held for 1 minute.  As a clinical test, this test may be 
done with the patient wearing Goggles to enhance the view of the eyes and prevent fixation. 
Indications of a Positive Finding: The detection of rotational-vertical nystagmus and reproduction of dizziness 
may be considered a positive test. 
Used to rule in/out: Peripheral vestibular disorder 
Roll Test – The patient in positioned in supine with the head in 20 – 30 degrees of flexion and the eyes open.  
Examiner quickly rotates the head to the side and holds.  As a clinical test, this test may be done with the 
patient wearing goggles to enhance the view of the eyes and prevent fixation. 
Indications of a Positive Finding: The detection of geotropic or ageotropic nystagmus and reproduction of 
dizziness may be considered a positive test. 
Used to rule in/out: Peripheral vestibular disorder 
Dynamic Visual Acuity Test – (There is more than one accepted set-up depending on the eye chart used) One 
example is: Patient static visual acuity is first determined at 2 or 4 meters from an eye chart (line number read 
and number of optotypes correct). Examiner then passively rotates the head left and right at a rate of 2 Hz while 
patient attempts to read the visual chart.  This can be repeated with vertical head nods in same manner.   
Indications of a Positive Finding: Greater than 2 lines difference between dynamic and static visual acuity is 
considered a positive test. 
Used to rule in/out: Peripheral vestibular disorder 
Vestibulo-Ocular Reflex Cancellation – Patient sits in a chair that rotates and is asked to fixate on an object. The 
object and the head on body (preventing cervical rotation) are then rotated side to side simultaneously.  
Indications of a Positive Test: Positive testing would include the inability to maintain fixation.  
Used to rule in/out: Central nervous system dysfunction 
Static and dynamic balance tests – could include any valid and reliable test for assessing balance  
Indications of a Positive Test: Inability to perform the test within normal ranges 
Used to rule in/out: The relative contribution and sensory integration of vision, vestibular, and somatosensory 
inputs to achieve postural (balance) control 
Vibration Test I – Vibrating stimulus is applied to the bony prominences behind the ear (i.e. the mastoid). 
Indications of a Positive Test: Positive findings include reproduction of dizziness and/or production of nystagmus 
Used to rule in/out: Peripheral vestibular disorder 
Vibration Test II – Vibrating stimulus is applied to the cervical neck musculature and cervical spinous and 
transverse processes while the patient is in a standing position. 
Indications of a Positive Test: A change in the ability to maintain balance and/or a loss of postural control. 
Used to rule in/out: Cervicogenic dizziness 
Neck pain and Related Dizziness 
Indications of a Positive Test: Patient complaint of cervical pain and a concomitant onset of dizziness 
Used to rule in/out: Cervicogenic dizziness 
Smooth Pursuit Neck Torsion Test – Patient is sitting in a chair.  Smooth pursuit (of the eyes) is tested with the 
patient’s head and body in a neutral position. Smooth pursuit is then tested with the patient rotated 45 degrees 
to the right and again with the patient rotated 45 degrees to the left.  As a clinical test, no special equipment or 
instrumentation is used to increase the sensitivity of this test.   
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Indications of a Positive Finding: A reduction in the smooth pursuit gain when the body is rotated as compared 
to when the body is in neutral; a decrease in the smoothness of the pursuit; and patient report of a difference in 
the difficulty of tracking 
Used to rule in/out: Cervicogenic dizziness 
Cervical Flexion-Rotation Test – In the supine position, the patient’s head is passively flexed to end range, held 
in this position, and passively rotated to the left and right.  All head movements are done slowly.   
Indications of a Positive Finding: Cervical rotation with concomitant reproduction of dizziness 
Used to rule in/out: Cervicogenic dizziness 
Reproduction of dizziness through manual passive joint mobility – With the patient in the supine or the sitting 
position, the examiner performs passive manual joint movements in the posterior to anterior direction and 
laterally (shear).   
Indications of a Positive Test: Positive testing is the manual detection of joint dysfunction with concomitant 
onset of or change in dizziness.  
Used to rule in/out: Cervicogenic dizziness 
Reproduction of dizziness through palpation of the cervical musculature – Examiner palpates the sub-occipital 
region, posterior, and anterior cervical musculature 
Indications of a Positive Test: Positive test is the reproduction of dizziness or a change in dizziness with 
palpation 
Used to rule in/out: Cervicogenic dizziness 
Joint Position Error Test – With the patient in the sitting position and the eyes closed, the patient’s ability to 
relocate the natural head posture following active cervical movements (left and right rotation and 
flexion/extension) is tested.  The use of a laser and a calibrated target (positioned 90 cm from the axis of head 
rotation) can be used in a clinical setting to measure the joint position error.       
Indications of a Positive Finding: Greater than 4.5 degrees of joint position error from the natural head posture 
Used to rule in/out: Cervicogenic dizziness 
Motor control assessment of deep cervical flexors and extensors – Flexors: patient is in supine and is 
instructed to tuck chin and lift head off table approximately one inch. This can be modified with a stabilizer or a 
blood pressure cuff. Extensors: Patient is prone on elbows, retracts the chin and holds the head in neutral or 
extended position. 
Indications of Positive Finding: Inability to dissociate head and neck movements, production of a chin thrust 
(because of overpowering of sternocleidomastoid), failed endurance, and association of concomitant onset of 
dizziness with the movement 
Used to rule in/out: Cervicogenic dizziness 
Head-Neck Differentiation Test – Patient sits in a chair that rotates.  The head is held still while the body is 
rotated underneath.   
Indications of Positive Finding: The reproduction of dizziness. 
Used to rule in/out: Cervicogenic dizziness 
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CHAPTER 4: AIM 3 
 
 
Synopsis 
 
 Aim 3 used the results of the Delphi from round 2 (in part) to construct and utilize a physical 
examination of subjects with dizziness after SRC.  Each of the 16 clinical tests was regarded as positive or 
negative, based standard interpretation of the test (e.g. indications of a positive finding).  Here, positive 
findings provided indication of the anatomical location(s) contributing to dizziness.  The primary purpose 
of Aim 3 was to describe the results of this differential objective physical examination in subjects with 
dizziness after a SRC and determine the relationships between various types of dizziness as identified by 
the objective examination.  Multiple Correspondence Analysis (MCA) was used to graphically represent 
the results.  Within MCA, five dimensions were required to adequately describe the relationships 
between the response profiles and accounted for > 70% of the inertia.  The exploratory MCA revealed 
that while some tests clustered and identified a common etiology of dizziness, some clusters identified 
more than one anatomical area within the positive findings.  The results of this study indicate that after 
SRC, an athlete’s dizziness is often multifactorial, potentially originating from multiple anatomical 
locations, each independently sufficient to cause dizziness.   
The manuscript that follows has been formatted according to the specifications for the Journal 
of Clinical Epidemiology.  It was submitted and is currently under review.  
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Abstract  
Introduction: Dizziness is the second most commonly reported symptom in those who sustain a sports-
related concussion (SRC).  Because of the nature of this injury and the biomechanical forces experienced 
during the event, there are many anatomical locations and physiological processes that could have been 
altered that may cause dizziness.  Objective clinical tests are often used by medical professionals to 
uncover the basis of a patient’s dizziness; however, no previous studies have described dizziness based 
on findings from a differential objective physical examination in adolescent/young-adult patients after 
SRC.  The purpose of the present study was to describe such findings and determine the relationships 
between various types of dizziness as identified by the objective examination. 
Methods: This is a cross-sectional study in which subjects were recruited from two sports-medicine 
centers.  Subjects included 29 individuals, 10 – 23 years of age, with SRC and a complaint of dizziness.  A 
differential physical examination utilizing 16 clinical tests was administered to each participant at the 
initial visit with physical therapy (mean of 11 days post-injury).   A descriptive statistical and graphical 
analysis (Multiple Correspondence Analysis (MCA)) was completed to determine the structural 
relationships between the clinical test outcomes.  Graphs obtained from MCA were used to describe the 
relationships between clinical tests in each dimension and to correlate with subjects of similar response 
profile.     
Results:  MCA identified five dimensions consisting of 10 clusters of the 16 clinical tests, which explained 
74% of the inertia.  In dimension 1 the clusters included 1) dizziness provocation (or remediation) 
associated with the cervical spine, impaired neuromotor control of the deep cervical flexors, with 
motion sensitivity; and 2) slow tracking movements of the eyes, impairment of the vestibulo-ocular 
reflex, and horizontal gaze-hold nystagmus.  For dimension 2, the first cluster linked cervical dizziness 
(i.e. manual traction of the cervical spine to reduce the sense of dizziness) with motion sensitivity.  The 
second cluster linked 3 tests all indicative of musculoskeletal dysfunction.  Clusters in dimensions 3, 4 
and 5 linked dysfunction in the cervical spine, the vestibular system, and oculomotor function.      
Conclusion: Within the 10 clusters of obtained from MCA, it is apparent that while some of the strong 
associations form between tests that are typically regarded to assess one type of anatomical dysfunction 
and associated dizziness, many of the clusters of positive tests are from anatomical dysfunction that is 
typically regarded as divergent and producing different types of dizziness.  It is apparent that the 
common pathways and communication between the systems makes it difficult to isolate and definitively 
discern that only one anatomical area contributes to a complaint of dizziness in athletes after SRC. 
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Introduction 
The complaint of “dizziness” is a vague descriptor of a multitude of sensations that can be 
attributable to a variety of pathophysiological processes.  Apart from cardiovascular explanations for 
dizziness, such as orthostatic hypotension, other causes of dizziness are frequently attributable to 
peripheral vestibular dysfunction and central nervous system disorders (1, 2).  Mechanisms resulting in 
the symptom of dizziness can include abnormalities of sensory input (visual, vestibular, or 
proprioceptive), sensory processing (in primary sensory or association cortices) and/or motor output 
(from central or peripheral nervous system function) (3).  The etiology of cervicogenic dizziness is less 
understood but is derived from musculoskeletal injury of the cervical spine (4).   
Physical examination and diagnostic testing to determine the pathophysiological basis of a 
patient’s dizziness is routinely utilized in medical settings, ranging from emergency departments to 
outpatient clinics.  This is an important process, enabling the initiation of precise approaches to 
treatment (5-7).  Physical therapists routinely utilize clinical tests as decision drivers in a differential 
examination to uncover the etiology (or type) of dizziness a patient is experiencing (3).  Frequently, the 
direction and scope of the objective examination is driven by the precise description, timing, and 
triggers of the patient complaint of dizziness (3, 8-10); however utility of this practice has been 
questioned (6, 7).  
In the presence of head trauma, the differential assessment of dizziness to identify the under-
lying sensory or motor disturbances contributing to this sensation becomes complicated.  Multiple 
sensory or motor functions, independently sufficient to cause dizziness, may have been injured at the 
time of the traumatic event (1).   Sports-related concussion (SRC) is regarded as a mild head trauma, and 
dizziness after SRC is common, reported in 43 - 81% of cases (11-13).   It is possible that individuals may 
have only one type of functional disturbance after a SRC, but it is also possible that there are 
combinations of functional disturbances present after a SRC, which contribute to the complaint of 
dizziness.   
To the best of our knowledge, no previous studies have described dizziness based on findings 
from a differential objective clinical examination in adolescent to young-adult subjects after SRC.  It is of 
particular interest to appreciate the presentation of dizziness in this population as they have a great 
frequency of sports participation (compared to adults), are most at risk for concussion, and have 
incompletely developed neurological systems (14-16). Understanding different types of dizziness and 
patterns with which they occur is important for initiation of appropriate management/ treatment 
strategies.  Therefore, the purpose of this study was to describe the results of a differential objective 
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examination in adolescent to young-adult subjects with dizziness after a SRC and determine the 
relationships between various types of dizziness as identified by the objective examination.  
 
Methods 
Consecutive subjects who enrolled in a feasibility/pilot study for a randomized clinical trial were 
selected for this study.  This project utilized the cross-sectional data from an objective physical therapy 
examination.  Subjects were recruited from two local Sports Medicine Centers in the Akron-Canton area 
of Northeast Ohio.  Patient assent and parental consent were obtained for subjects who were younger 
than 18 years of age; subject consent was obtained for subjects older than 18.  Physical therapy 
examinations were conducted in the physical therapy program at Walsh University in North Canton, 
Ohio between August 2014 and May 2015.   The study was approved by the Institutional Review Boards 
at Akron Children’s Hospital, Kent State University, and Walsh University.    
Subjects were invited to enroll in the study if they were between 10 – 23 years of age, sustained 
a concussion during a sports activity, and presented to the sports medicine center within 14 days of the 
date the concussion occurred.  This age range was chosen to include a sample of the population typically 
involved in contact sports activity (middle school through undergraduate college).  Sports activity 
included participation in any sport, including club teams, recreational sports, or school teams.  
Additionally, the eligible subject must have reported dizziness as a symptom on the Post-Concussion 
Scale (PCS) at the time of the visit with sports medicine.  Subjects were excluded from this study if they 
were younger than 10 or older than 23, if they sustained a non-sports-related concussion, or if they did 
not report a complaint of dizziness.   
Once enrolled, subjects were scheduled for a physical therapy examination at the earliest 
opportunity after 10 days post-concussion.  The decision of which clinical tests would be included in the 
physical therapy examination was based on a combination of the findings from an international Delphi 
study, (17) and on the recommendation of manually oriented orthopaedic clinicians, who identified 
relevant clinical tests to assist in the identification of cervicogenic dizziness.  The 16 clinical tests 
included in the examination are described in Table 4.1.  These tests are routinely used in clinical practice 
in other patient populations (e.g. whiplash associated disorder, unilateral peripheral hypofunction, etc.) 
to identify the presenting dysfunction and the anatomical area(s) contributing to a patient’s dizziness.  
The tests contained within the examination included tests of oculomotor control, the vestibular system 
(central and peripheral), neuromotor control of the cervical musculature, and the musculoskeletal 
components of the cervical spine.  Based on the indications of a positive finding, as described by 
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standard interpretation of the clinical test, each test was regarded as either positive or negative.  The 
anatomical areas/ location of dysfunction implicated by positive findings are based on the established 
criteria for each test.  
All examinations were completed by members of the investigative team and were licensed 
physical therapists with expertise in orthopaedic and neurologic physical therapy.  The principal 
investigator was present during the completion of all of the examinations to ensure reliability in 
technique and interpretation of findings between therapists.  Each examination was completed in a 
prescriptive manner, whereby all of the clinical tests included in the test battery were performed on 
each participant.   
Statistical analysis 
To describe the characteristics of the subjects in this study, means and standard deviations or 
medians and inter-quartile range for continuous variables, and frequencies and percentages for discrete 
variables were computed.  The prevalence of positive findings for each clinical test included in the 
examination for the sample was also calculated.   
 An exploratory analysis was completed to describe the relationships between the variables.  
First, pairwise analyses were completed using tetrachoric correlation coefficients and chi-square tests 
for association (using Fisher’s Exact Test, two-sided) (18).  Correlations above .30 were regarded as 
meaningful and significant associations were based on a Bonferroni adjustment of the p-value for 
multiple comparisons (19).  Since the possible response to each of the 16 clinical tests is binary 
(positive/negative), we used Multiple Correspondence Analysis (MCA) to examine the relationships 
between the 16 clinical tests through determining possible dimensions and clinical tests that defined 
each dimension (18).  Once the appropriate number of dimensions was determined, the outcomes that 
provided the most discriminant profiles were identified.  In addition, two-dimensional graphs generated 
from MCA were used to describe the relationships between clinical tests in each dimension and to 
correlate with subjects of similar response profile.  A detailed explanation of the statistical methodology 
and interpretation can be found elsewhere (18, 19).  All statistical analyses were completed using SAS 
version 9.3.   
 
Results 
 The physical therapy examination was completed on twenty-nine eligible subjects who enrolled 
into the study (Table 4.2).  Twenty-one of the subjects were male, with a mean age of 16.0 years (SD 2.7 
years).  The examination was completed at a mean of 11 days after the concussion was sustained.  The 
53 
 
highest proportion of concussions were associated with participation in football (n=10), followed by 
basketball (n=4), lacrosse (n=4) and soccer (n=3).  Of the 29 subjects, 13 (45%) had a history of previous 
concussion, and 6 (21%) had a personal history of ADHD.   
   Within the tetrachoric correlations coefficients obtained, meaningful positive correlations were 
found between convergence (CV) and smooth pursuits (SP); between saccades (SC) and the head-neck 
differentiation test – cervical component (HNDTC) as well as shear mobilizations of the cervical spine 
(SHEAR); between SP and the vestibulo-ocular reflex cancellation test (VORC) as well as the head 
impulse test (HIT); between the head-neck differentiation test –vestibular component and unilateral 
posterior-anterior mobilizations (UPA) and the cervical traction test (TCT); between the HNDTC and 
motion sensitivity; for UPA and central posterior-anterior mobilizations (CPA), SHEAR as well as active 
trigger points (ATRIG); between CPA and SHEAR as well as UPA; between SHEAR and ATRIG and between 
the cranio-cervical flexion test (CCFT) and MS.  After Bonferroni correction, none of these associations 
were significant.  In addition, the degree of all other bivariate correlations did not attain the threshold to 
be considered meaningful and were even negative in some cases.  As a result of having zero cell 
frequencies for certain bivariate analysis, the corresponding tetrachoric correlations are missing (Table 
4.3).    
 For the exploratory MCA, the determination of the number of dimensions to be retained was 
based on the recommendation to keep dimensions with eigenvalues > 1/Q (where Q is the number of 
variables, here equal to 16), along with the rule to keep the number of dimensions that account for 
>70% of inertia (18).  In this study, we determined 5 dimensions accounting for 74.1% of the inertia 
(Table 4).  An example of one of the two dimensional graphs in displayed in Figure 4.1.  For dimension 1, 
the clinical tests that contributed to the greatest independence (i.e., with the highest loading) included 
SP, HIT and MS, all with correlations to the dimension >.50.  Within dimension 2, the highest loading 
variables were SHEAR, UPA, and HNDTV.  Here, SHEAR and UPA were correlated with the dimension 
>.50 but HNDTV was not.  In dimension 3, SC, TCT and CCFT defined the dimension with SC having the 
largest contribution to the dimension (>.50).  ATRIG was the only variable that was discriminant for 
dimension 4.  For dimension 5, GHN, CV, VORC, and HNDTC were the highest loading variables, but none 
had correlations >.5 to the dimension (Table 4.5).   
 Visual analysis of the 2-dimensional graphs revealed positive clinical test outcomes that cluster 
together and differentiated clinical profiles.  Within the five dimensions, 10 clusters of positive clinical 
test findings were identified.  These clusters of findings are presented in Table 4.6.  In dimension 1, TCT, 
MS, CCFT and HNDTC shared a profile opposite of the grouping of HIT, SP, GHN, and VORC.  In dimension 
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2, MS and TCT were associated opposite of a cluster between SHEAR, UPA and ATRIG.  In dimension 3, 
CCFT and HNDTV shared a similar profile opposite of a grouping of UPA, SHEAR, HIT and VORC.  In 
dimension 4, SC and HNDTC were associated opposite of UPA, HIT and VORC.  Finally, in dimension 5, 
HIT, SC and MS demonstrated a similar profile opposite of the grouping SP, CCFT and TCT.      
 
Discussion 
 The purpose of this study was to describe the results of a differential objective examination in 
subjects with dizziness after a SRC and to determine the relationships between various types of dizziness 
as identified by the objective examination.  Pairwise comparisons for the included tests demonstrated 
variability in the strength of the relationships between the included tests, ranging from no correlation to 
a strong positive or a strong negative relationship.  This suggests that the components of the objective 
examination are assessing a variety of functional pathways capable of producing dizziness.  Results of 
MCA reveal that five dimensions are required to adequately describe the complexity of the relationships 
between the outcomes of the clinical tests.  Together, the behavior of the tetrachoric correlations along 
with the clusters of positive findings obtained from MCA demonstrate that while some of the strong 
associations form between tests that are typically regarded to assess one type of anatomical dysfunction 
and associated dizziness, many of the clusters of positive tests are from anatomical dysfunction that is 
typically regarded as divergent and producing different types of dizziness.   
In dimension 1 the clusters included: 1) dizziness provocation (or remediation) associated with 
the cervical spine, impaired neuromotor control of the deep cervical flexors, and motion sensitivity; and 
2) slow-tracking movements of the eyes (SP and VORC), impairment of the VOR, and horizontal GHN.  
For dimension 2, the first cluster (similar to the first dimension) linked cervical dizziness (i.e. manual 
traction of the cervical spine to reduce the sense of dizziness) with motion sensitivity.  The second 
cluster linked 3 tests all indicative of musculoskeletal dysfunction (SHEAR, UPA, and ATRIG).  These tests 
reproduced the familiar symptoms of dizziness through accessory joint mobility of the segments of the 
cervical spine and manual production of dizziness through trigger points in the cervical musculature (20, 
21).   
Clusters in dimension 3, 4 and 5 included positive test findings linking dysfunction in the cervical 
spine, the vestibular system, and oculomotor function.  One cluster in dimension 3 revealed impaired 
neuromotor control of the cervical spine associated with the impairment of the vestibular system.  In 
dimension 3 and 4, there was a cluster between musculoskeletal dysfunction, impairment of the VOR, 
and slow-tracking movements of the eyes.  The second cluster in dimension 4 linked impaired saccadic 
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eye movements and cervical dizziness.  The two clusters in dimension 5 linked: 1) impairment of the 
VOR and saccades with motion sensitivity; and 2) slow-tracking of the eyes, poor neuromotor control of 
the cervical spine, and cervical dizziness.  Taken together, clusters in the five dimensions revealed the 
multidimensional nature of dizziness after a SRC, the potential for interplay between the physiological 
systems capable of producing dizziness, and the divergence between outcomes across subjects.  
The link between the cervical spine, oculomotor function, and the vestibular system has been 
demonstrated previously (3).  Studies on subjects with whiplash-associated disorder (WAD) have 
identified impairments in head-eye coordination together with loss of gaze stability (22-25), and 
impaired kinesthetic sense of the neck with decreased oculomotor function (26).  Other research on 
subjects with cervical disequilibrium demonstrated a link between cervical spine dysfunction and the 
vestibular reflexes (27).  In the present study, these types of functional and reflexive relationships were 
seen in one or both clusters obtained for dimensions 1, 3, 4, and 5.   Cervical, vestibular, and optical 
afferents work together to drive reflexive eye movements, permitting gaze and head/postural stability 
(24, 28, 29).  Because the relationship between afferent stimuli and efferent responses is a continuous 
and interdependent loop, it is understandable that most of the clusters obtained through MCA are 
heterogeneous.   
It is apparent that the functional connections, the common pathways, and the communication 
between systems makes it rather difficult to isolate and definitively discern that only one anatomical 
area contributes to a complaint of dizziness in athletes after SRC (24).  This phenomenon is similar to 
findings of Hynes and Dickey (30), who determined that the overlap in chief complaints, symptoms, and 
objective findings between hockey athletes with concussion (a mild traumatic brain injury) and those 
with whiplash-associated disorder (WAD) (a cervical spine injury), prevent definitive differentiation.  
Concussion associated with sport participation has been well documented, but Viano et al, (31, 32) have 
also described that the biomechanics of the recipient and the striking players in football include forces 
capable of injuring the cervical spine as well.  This corroborates our findings which demonstrated 
substantial overlap in the anatomical areas implicated by the clusters obtained through MCA.  Given 
this, it is certainly plausible that concussion and whiplash injuries are part of one disorder when 
sustained in the sports arena.   
 Limitations of this study include the nature of the clinical tests performed in the objective 
examination.  First, the diagnostic utility of the clinical tests as components of the differential 
examination has not been described in subjects with concussion.  Therefore, it is unknown if the test 
outcomes are valid and reliable in this population.  Despite this, the precedent of the relationship of 
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positive test findings from divergent anatomical areas demonstrated in previous research corroborates 
the findings of this study, so the biologic plausibility of the results is affirmed.  Future study on clinical 
examination and test utility in the population of individuals with SRC is warranted to further vet these 
results.  Second, some of these tests are dependent on the reproducibility of the familiar symptom of 
dizziness and the patient accurately reporting this to the examiner.  The dependence of patient report of 
dizziness could have resulted in over- or under- reporting, which could have altered the results (33).   
Due to safety concerns for subjects being examined in the acute phase of their concussion, we 
could not perform two additional clinical tests (Dynamic Visual Acuity Test and the Head Shaking 
Nystagmus Test) which would have provided additional information about gaze stability and dysfunction 
of the vestibular system and may have meaningfully contributed to our results.  Lastly, the sample 
included in this study was small.  This study was exploratory in nature and the statistical and graphical 
techniques used here are primarily descriptive.  As such, strong inferences cannot be made and the 
findings may be different if applied to a larger sample of the population.     
 
Conclusion 
 This exploratory study revealed a high amount of complexity surrounding the anatomical 
processes underpinning the complaint of dizziness after SRC.  Results point to the potential of multiple 
functional disturbances contributing to this complaint, including areas in the cervical spine, the 
peripheral vestibular system, and multiple locations in the central nervous system.  Given the synergistic 
relationships between the sensory and motor control components identified here, clinicians must 
recognize that dizziness after concussion could have neurological and musculoskeletal components.  A 
prescriptive and inductive approach, including an examination of each location potentially contributing 
to a patient’s dizziness after SRC should be taken to ensure an appropriate and effective treatment 
strategy.  Future studies should explore the effectiveness of specific treatment approaches for different 
types of dizziness in subjects after SRC. 
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Figure 4.1: Multiple Correspondence Analysis of the 16 clinical test outcomes 
included in the differential examination 
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Table 4.1: Objective clinical tests performed during the differential examination 
 
Test name and description: 
Indications of a positive 
test: 
Routinely used to 
identify: 
Spontaneous Nystagmus (SN) – The subject was asked 
to look straight forward and the examiner watches for 
nystagmus.  
Presence of nystagmus at 
rest 
Central nervous system: 
vestibular dysfunction 
(vertical nystagmus) or 
peripheral vestibular 
dysfunction (lateral 
nystagmus) 
 
Gaze-Hold Nystagmus (GHN) – With the head in 
neutral, the subject was asked to hold gaze laterally 20 
– 30 degrees left and then 20 – 30 degrees right.   
Presence of nystagmus in 
either gaze-hold position 
 
Central nervous system: 
vestibular dysfunction 
(vertical or direction 
changing nystagmus) or 
peripheral vestibular 
dysfunction (lateral 
nystagmus)   
 
Convergence (CV) – The subject was asked to follow a 
moving object with both eyes as the object moves 
towards their nose. 
Inability of the eyes to 
converge; subject report 
of double vision beyond 5 
cm from the nose  
 
Central nervous system: 
oculomotor dysfunction 
Saccade Testing (SC) – Subject was asked to quickly 
look from one target to another (within 30 degrees of 
midline) without moving the head. 
Overshooting of the eyes, 
or requiring greater than 
two saccadic corrections 
to attain gaze on target  
 
Central nervous system: 
oculomotor dysfunction 
Smooth Pursuit (SP) – Subject was asked to follow an 
object with their eyes moving in all four eye quadrants 
within 30 degrees of midline while keeping the head 
still.  
 
Inability to following the 
object steadily without 
saccadic eye movements 
 
Central nervous system: 
oculomotor dysfunction 
Vestibulo-Ocular Reflex Cancellation (VORC) – With 
the subject in sitting, the examiner grasps the 
subject’s head with both hands.  The subject is 
instructed to follow the examiners nose as the 
examiner passively moves the subject’s head.  The 
examiner moves synchronously with the subject’s 
head left and right.   
 
Inability to suppress the 
VOR, resulting in saccadic 
eye movements to 
maintain fixation on the 
examiner’s nose 
Central nervous system: 
vestibular dysfunction 
Head Impulse Test (HIT) – With the subject in sitting 
and the subject’s head in 20 – 30 degrees of flexion, 
the examiner held the subject’s head bilaterally and 
unexpectedly and quickly rotated the head 
approximately 20 degrees to the left or the right while 
instructing the subject to keep their eyes fixed on the 
examiner’s nose.   
 
Inability to keep the eyes 
fixed on the examiner's 
nose with rotation to the 
left or the right 
Peripheral vestibular 
dysfunction 
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Head-Neck Differentiation Test: Vestibular (HNDTV) – 
With the subject sitting on a stool that rotates, the 
examiner holds the subject’s head bilaterally.  The 
subject rotates their body on the stool while the 
examiner rotates the head in the same direction at the 
same speed (en bloc). 
 
Subject report of 
dizziness 
Peripheral vestibular 
dysfunction 
Head-Neck Differentiation Test: Cervical (HNDTC) – 
With the subject sitting on a stool that rotates, the 
examiner holds the subject’s head bilaterally.  The 
subject rotates their body on the stool while the 
examiner holds the head still. 
 
Subject report of 
dizziness 
Cervical dysfunction 
Manual passive joint mobility (CPA, UPA, and SHEAR) 
– With the subject in the supine, the examiner 
performed passive manual joint movements in the 
posterior to anterior direction (centrally or 
unilaterally) and laterally (shear).   
 
Manual detection of joint 
dysfunction with 
concomitant onset of or 
change in dizziness at one 
or more levels 
Cervical joint dysfunction 
Active Trigger Points (ATRIG) – Examiner palpated the 
sub-occipital region, posterior, and anterior cervical 
musculature. 
 
Reproduction of dizziness 
or a change in dizziness 
with palpation 
Cervical muscular 
dysfunction 
Cranial Cervical Flexion Test (CCFT) – With the subject 
in hook lying and the forehead and chin parallel to the 
table surface, a pressure stabilizer was placed behind 
neck, abutted to the occiput and inflated to 20 mmHg 
as the initial start position.  The subject performed a 
nod of head to increase the pressure in the stabilizer 
to 22 mmHg; held for 3 seconds and returned to 20 
mmHg.  This was repeated for 24, 26, 28 and 30 
mmHg in this manner.  The examiner palpated the 
anterior scalenes and SCM; watched for retraction and 
jerky, quick movements as these are all Indications of 
a positive test. If this was unable to be completed 
correctly by the subject, the test was stopped and the 
results of the performance recorded.  Once the 5 
increments were attained, the completion of the test 
included a 10 second hold at each of the 5 increments. 
   
Inability to accurately 
position the head to 
attain the correct 
pressure; lack of control 
as indicated by jerky 
movements of the 
pressure cuff; inability to 
recruit the deep neck 
flexors for movement 
Neuromotor control 
dysfunction of cervical 
musculature 
Cervical Traction Test (TCT) – With the subject in 
sitting, the examiner performs manual cervical 
traction to unload the cervical spine from the weight 
of the head. 
 
Subject report of a 
decrease in dizziness 
Cervical dysfunction 
Motion Sensitivity (MS) – During the completion of 
the examination, the subject performed a variety of 
positional changes (e.g. supine to sit; sit to stand; 
prone to supine) and the examiner asked about 
reproduction of physical symptoms.  
Subject report of familiar 
symptoms (e.g. dizziness, 
nausea) with position 
changes 
Central nervous system 
dysfunction (sensory 
processing) 
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Table 4.2: Descriptive statistics for the sample (n=29) 
 Mean (SD) 
Age (in years) 16.0 (2.7) 
Number of days (concussion to 
examination) 
11.1 (1.6) 
Post-Concussion Score (injury) 37.0 (14.1) 
Post-concussion Score (initial visit) 29.2 (16.1) 
 n (%) 
Sex (male) 21 (72%) 
Sport where concussion occurred  
Football 10 (34%) 
Basketball 4 (14%) 
Lacrosse 4 (14%) 
Soccer 3 (10%) 
Volleyball 2 (7%) 
Rugby 1 (3%) 
Baseball 1 (3%) 
Cheerleading 1 (3%) 
Wrestling 1 (3%) 
Other  2 (7%) 
History of previous concussion  
0 16 (55%) 
1 10 (34%) 
2 2 (7%) 
3 1 (3%) 
ADHD (yes) 6 (21%) 
ADHD = Attention Deficit Hyperactivity Disorder 
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Table 4.4: Inertia decomposition obtained by MCA for clinical test findings 
Dimension Eigenvalue Chi-Square Percent of inertia 
Cumulative 
Percent of inertia 
1 0.18973 128.429 21.68 21.68 
2 0.15163 102.640 17.33 39.01 
3 0.12505 84.643 14.29 53.30 
4 0.10105 68.402 11.55 64.85 
5 0.08079 54.690 9.23 74.09 
6 0.06121 41.435 7.00 81.08 
7 0.05227 35.378 5.97 87.06 
8 0.03403 23.037 3.89 90.94 
9 0.02873 19.444 3.28 94.23 
10 0.01841 12.460 2.10 96.33 
11 0.01547 10.474 1.77 98.10 
12 0.01320 8.938 1.51 99.61 
13 0.00342 2.316 0.39 100.00 
 0.87500 592.288 100.00  
Degrees of Freedom = 841 
MCA = Multiple Correspondence Analysis 
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CHAPTER 5: CONCLUSIONS 
 
 
Clinical Implications 
 
Overall, results of the three studies demonstrate an interesting pattern and can inform the 
medical management of athletes with a SRC who present with dizziness.  Aim 1 showed that subjective 
reports from an athlete with SRC do not tend to cluster in a manner that is expected.  The clusters 
obtained are less indicative of an anatomical area and more indicative of a tendency towards high-, 
medium-, and low-reporting of symptoms.  This research calls into question the common practice of 
using subjective symptom reporting to drive the direction of the objective testing in medical settings.  In 
the case of dizziness after SRC, this could potentially lead to the omission of tests that could be needed 
to identify the true root of the problem.  Therefore, it may be necessary for clinicians to approach the 
objective portion of their examination in a prescriptive manner where all potential areas (central 
nervous system, peripheral vestibular system, and the cervical spine) are examined regardless of 
dizziness description.   
 Aim 2 produced a list of clinical tests regarded as having strong clinical utility.  Interestingly, this 
list only included items to rule out cervicogenic dizziness, but not to positively identify it.  Here, it was 
determined that only manually-oriented physical therapists had enough familiarity to confidently 
endorse the use of these tests.  Physical therapists who were not manually oriented and other medical 
professionals (including neuro-otologists and a physical medicine physician) did not affirm a single test 
of the cervical spine.  This finding highlights the acceptance by the respondent group of traditional 
etiologies of dizziness (central nervous system and the vestibular system) and less awareness or 
acceptance of a less understood etiology of dizziness (from the cervical spine).   
 Aim 3 demonstrated that when a clinical examination consisting of a battery of 16 clinical tests, 
inclusive of tests for cervicogenic dizziness, is completed in a prescriptive manner, the tests tend to 
cluster in a manner indicative of multifactorial dizziness.  Many of the clusters linked the cervical spine, 
the vestibular system, and the central nervous system.  If tests of the cervical spine were omitted from a
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physical examination of subjects with dizziness after SRC (as was the finding from the Delphi study), then 
only part of the dysfunction contributing to the dizziness could be identified.  In this case, intervention 
would be misaligned with the problem, and it is possible that subjects would not be effectively 
managed.   
 Taken together, this area of inquiry is important in clinical practice.  In the presence of SRC, 
differential diagnosis of dizziness should follow a practice that is quite different than differential 
diagnosis of dizziness in non-concussed subjects.  In the presence of SRC, while subjective symptom 
reporting and objective testing are still two important components of the patient assessment, the 
subjective report of the patient should not be used alone to rule out a specific type of dizziness.  Instead, 
subjective reporting should be used to determine the extent of the abnormal sensations being 
experienced by the patient and a prescriptive approach to examination should be employed to target 
the central and peripheral neurological system and the musculoskeletal system in the neck.  A 
comprehensive assessment of each area sufficient to cause dizziness should be examined to determine 
concomitant presence of dysfunction in multiple areas.   
As physical therapists are more commonly relied upon to complete this type of patient 
examination and subsequent management, it is important that physical therapists working with this 
population have expertise in both orthopaedic and neurologic examination skills.  Having dual expertise 
will enable the most comprehensive understanding of the underlying dysfunction contributing to the 
patient’s reported description of dizziness.  This will permit the most targeted approach to treatment 
and patient management.   
 
Directions for Future Research 
 
The line of inquiry explored through these three research studies serves as a mechanism to 
define and understand dizziness after sports-relation concussion.  Given the meaningful results that 
have been demonstrated here, there are also many additional areas of investigation that can be 
elucidated further.  There are two primary areas of research that are warranted, which directly relate to 
the current aims of this dissertation.  First, because the current manuscripts have separately described 
subjective reports and objective testing, it would be of interest to determine if any of the descriptors or 
classes of descriptors identified through LCA are associated with any of the specific objective tests or 
clusters of objective clinical tests identified through MCA.  This particular line of investigation would 
further define any existing (or lack of existing) relationship between subjective reporting and objective 
examination.   
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 Moving beyond studies that describe the differentiation of dizziness, the next step would be to 
use what has been learned and move towards research on the effective treatment of different types of 
dizziness after SRC.  In Aim 3, different types of concussion-derived dizziness were identified through an 
objective physical examination completed by licensed physical therapists.  Once the area(s) of 
dysfunction has been established through clinical examination, identification of physical therapy 
management techniques to ameliorate dizziness is the next goal.  At the present time, there have been 
no research studies that described effective treatment techniques for each type of dizziness, the optimal 
dosage of these techniques, or the optimal timing after SRC to begin treatment.  Several studies will be 
required to answer these questions in a progressive and stepwise process.   
A pilot study could be the initial step in this process, whereby subjects with different types of 
dizziness after SRC (per the examination findings) would be pragmatically treated by skilled physical 
therapists.  Here, expertise in orthopaedic and neurologic physical therapy techniques would be 
required and would be differentially delivered to each subject based on the results of their physical 
examination.  Because very little is known at this time about safe and effective differential treatment 
interventions, the expertise of skilled clinicians would be relied upon to deliver intervention and monitor 
patient response.  Recovery would be tracked through change in symptom presentation as well as the 
timeline for RTP.  From the results of this pilot study, trends in treatment parameters could be identified 
so that a more standardized (prescriptive) treatment can be developed.  The second step might entail 
testing the effectiveness of prescriptive treatment intervention.  In this study, subjects with dizziness 
after SRC would be assigned to different prescriptive treatment groups (through random allocation).  
This type of research design would permit ease with translation into actual clinical practice.   
Another question that could be explored is the dosage of therapy.  If it is established that 
specific physical therapy interventions are effective, research on the frequency, length, and progression 
of treatment will be needed.  Additionally, if different types of dizziness are identified in one individual 
subject, it would be interesting to determine how the various treatment techniques could be optimally 
delivered (i.e., in what order).  These questions could be answered through comparative effectiveness 
trials with careful design and implementation standards.   
 A third direction of research that is related to this line of inquiry is identification of the optimal 
timing of physical therapy for dizziness after SRC.  Currently, the primary clinical practice 
recommendation regarding physical therapy after SRC is in the Consensus Statement on Concussion in 
Sport (1).  Here, it is stated that physical therapy could be useful once symptoms become chronic.  This 
recommendation is based on a lack of evidence regarding physical therapy implementation after SRC 
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and the current (non-evidence supported) practice of complete physical and mental rest until symptoms 
subside.  Although not without risk, research on early physical therapy intervention to address dizziness 
after SRC is needed to determine if directed and skilled physical therapy intervention is more effective 
than rest.  Studies to determine the feasibility of physical therapy management beginning as early as 10 
days after the concussion and to compare patient recovery outcomes would be indicated.  Here, the 10-
day period was selected because it is currently estimated that 80 – 90% of concussions recover by day 
10 (1).  Therefore, intervention timed after the expected timeframe for recovery would be an 
appropriate starting point.   Further research could target  a comparative effectiveness study, comparing 
rest to physical therapy and/or  different start times for  such therapy (e.g., initiated at day 10 post-
concussion versus day 20 post-concussion).   
Further research is warranted to fully understand the clinical presentation of the different types 
of dizziness and the degree of agreement or correlation between subjective report and objective 
findings.  In addition, research on the optimal parameters for the management of dizziness after SRC is 
greatly needed.  Through further investigation, it is possible that dizziness after SRC could be better 
understood and that clinical practice guidelines could be influenced to promote a more active approach 
to treatment rather than the passive approach involving rest.           
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